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Abstract  
 
 
The thesis highlights decision-making problems in relation to agility evaluation as well as 
appraisement of agile enterprises followed be suppliers’ selection in agile supply chain. 
Various aspects have been covered (i) Supply Chain Agility Appraisement and (ii) 
Appraisement of Agility in Mass Customized Product Manufacturing (iii) Organizational 
Agility and Benchmarking of Agile Enterprises, (iv) Interrelationship amongst Agile 
Capabilities/Enablers, (v) Identification of Agile Barriers etc. 
Appraisement modules (appraisement index systems) have been proposed utilizing the 
concept of generalized fuzzy numbers, Interval-Valued Fuzzy Numbers (IVFNs) as well 
as grey numbers. 
The study provides in-depth understanding on hierarchical interrelationship amongst 
various agility dimensions required to assess organizational as well as supply chain 
agility. Agility appraisement modules have been proposed to perform both in fuzzy as 
well as grey environment. Agility barriers have been identified as well. The outcome of 
the empirical research as well as case study conducted in two Indian industries 
(automotive and railway construction at eastern India) have been critically analyzed. The 
influence of decision-makers’ risk bearing attitude over agility assessment and related 
decision-making has also been focused in this work. An efficient fuzzy embedded 
performance appraisement module has been proposed to facilitate suppliers’ evaluation 
cum selection process in agile supply chain. 
There exist a number of agility indices (metrics) that influence the extent of 
organizational agility. By evaluating these indices, appropriate ranking order of 
alternative agile enterprises can be determined. This being the basic fundamental of 
Multi-Criteria Decision Making (MCDM), it can effectively be explored towards 
benchmarking of agile enterprises. Evaluating the candidate agile alternatives and 
comparing across them, the best practices of the efficient organization can easily be 
identified and transferred to different organizations. 
Indian manufacturing industries prefer to maintain status-quo and hardly go for changes 
(or transformation). However, today’s market compulsion due to liberalization and 
globalization of demands that manufacturing firms must be agile enough to serve 
continuously changing unpredicted needs of the customers in an effective manner. The 
changes in terms of being agile are not easy enough due to several environmental, 
managerial and technical considerations. Analysis of drivers of agile manufacturing and 
their interaction with various aspects in integrative planning can be a valuable source of 
information to the decision-makers (DMs) for its successful implementation. In doing so, 
the managers can derive important insights into the problem and explore the said drivers 
efficiently to overcome those obstacles. 
Agility evaluation problem can be viewed as a multi-criteria decision making (MCDM) 
problem involving qualitative as well as quantitative evaluation criterions. Quantitative 
criterions (attributes) can be tackled by traditional tools and approaches. Difficulty arises 
in dealing with subjective qualitative selection criterions. In this thesis, fuzzy logic (as 
well as grey theory) has been proposed to tackle decision-makers’ subjective 
information/judgment in relation to agility appraisement and related decision-making 
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problems. Literature is rich enough in addressing various decision-modeling problems 
using generalized fuzzy numbers; therefore, fruitful incorporation of Interval-Valued 
Fuzzy Numbers theory and grey theory definitely added value (contribution) pursued in 
data analysis (empirical as well as case studies) in this thesis. Use of ‘Fuzzy Degree of 
Similarity’ concept in identifying weak (ill-performing) areas (called agile barriers) in an 
agile supply chain appears to be a unique contribution in this work. 
 
Keywords: Agile Manufacturing (AM); Mass Customization (MC); Agile Supply Chain 
(ASC); Multi-Criteria Decision Making (MCDM)          
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1.1 The Concept of Agility  
As we are approaching towards 21st century, success and survival of manufacturing 
sectors/production units are becoming very difficult to ensure (Shari and Zhang, 1999). This fact 
is rooted in the emergence of a new business era that has „change‟ as one of its major 
characteristics. Enterprises deal with changes in different aspects such as change in customer 
demand, technological advancements and unstable business environment (Shahraki et al., 
2011). This critical situation has forced towards undertaking a major revision and reengineering 
in the contemporary business priorities, strategic vision, and examining viability of traditional 
models and methodologies developed so far. The emphasis is now being paid on adaptability to 
change in the volatile business environment and a proactive way of approaching to marketplace 
and customer needs through newly evolved cooperation methods such as Virtual Enterprise 
(VE). The emerging paradigm is denoted as Agile Manufacturing (AM), which is conceptualized 
as a step forward in generation of new means for better performance and success of business 
and in practice is a strategic approach to manufacturing considering the new market conditions 
as well as opportunities. Responding to unpredictable market changes and taking competitive 
advantage of them through systematic strategic utilization of managerial and manufacturing 
methods and tools, is the pivotal concepts of agile manufacturing.  
Competitive advantage depends upon a dynamic capability to compete successfully in a 
frequent, challenging and often, unpredictable marketplace. Now-a-days, successful survival by 
taking competitive advantage through product price alone has no longer been a viable strategy 
for most of the manufacturing firms. Firms need to succeed in markets where a range of non-
price advantages are frequently expected by customers. Order-winning criteria include rate of 
innovation, fitness for purpose, volume flexibility, variety, extreme customization and above all, 
rapid responsiveness (Meredith and Francis, 2000). Gradual increase of global and local 
competition exhibits organizations that are unable to respond proactively to these consumer 
needs, they are unlikely to survive. Exploration of the principles and practices of agile enterprise 
seems to offer a stable candidate solution.  
Agile manufacturing is a new concept that aims at improving the competitiveness of 
manufacturing firms. Manufacturing firms based on AM are mainly characterized by customers- 
supplier integrated process for product design, manufacturing, marketing, and support services. 
This requires prompt and efficient decision-making at functional knowledge levels, stable unit 
costs, flexible manufacturing system, easy access to integrated data, adaptation and exploration 
of information technology, and modular production facilities. Agile manufacturing requires 
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enriching of the customer, co-operating with competitors, organizing to manage change, 
uncertainty and complexity, and leveraging people and information (Gunasekaran, 1999).  
Manufacturing industries, even those running in relatively stable conditions with considerable 
market share are facing rapid and often unanticipated changes in their business environment. 
Each company must respond in a specific and different way to the changing circumstances by 
deploying its own agile characteristics. Agility in manufacturing may be achieved through the 
implementation and integration of appropriate practices which provide the required abilities for a 
company to respond properly to changes (Sharifi and Zhang, 2001).  
Tough and competitive market has led to increase attention being paid to customer satisfaction 
of which timely and customized products/services are the key concerns. As the product life 
cycle becomes shortened, high product quality becomes evident for successful survival. 
Markets become highly diversified and spread over the globe and continuous and unexpected 
change becomes the key success factors. The need for a method of rapidly and cost-effectively 
developing products, production facilities and supporting software including design, process 
planning and shop floor control system has led to the concept of agile manufacturing 
(Gunasekaran, 1998).  
Agile manufacturing can be defined as the capability to survive and prosper in a competitive 
environment of continuous and unpredictable change by reacting quickly and effectively to 
changing markets driven by customer-designed products and services. Speed and 
responsiveness are two basic characteristics of agility. According to (Gunasekaran, 1998), the 
key enablers of agile manufacturing include: (i) virtual enterprise formation tools/metrics; (ii) 
physically distributed manufacturing architecture and teams; (iii) rapid partnership formation 
tools/metrics; (iv) concurrent engineering; (v) integrated product/production/business information 
system; (vi) rapid prototyping tools; and (vii) electronic commerce.  
In short, the agility as a 21st century paradigm is an organization‟s capability to explore 
opportunities based on the current market-change. It is the efficacy of an organization to face 
and withstand in highly turbulent as well as volatile marketplace continuously pressurized by 
unpredictable change in customers‟ needs. Substantial volume of research has been found well 
documented in literature in relation to this advanced market winning strategy. The next section 
(Section 1.2) provides glimpses of past research that has been carried out by pioneers in this 
particular area with an effort to identify and visualize the research gap clearly.      
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1.2 State of Art Understanding 
In order to understand the state of art of the previous research and thereby, identifying and 
conceptualizing the directions of the present work, an exhaustive literature review has been 
conducted. Around 140 research articles collected from journals of international/national repute, 
conference proceedings, books etc. have been thoroughly surveyed. Within this scope, 
literature has been categorized into seven different thrust areas on which pioneers made in-
depth focus (Fig. 1.1). These are as follows:    
 
1. Conceptual framework 
2. Agile supply chain management 
3. Agility evaluation 
4. Agility implementation 
5. Agile manufacturing system design 
6. Information system agility, and 
7. Leanness versus agility: Leagility  
 
The research outcome on aforementioned seven areas as documented in literature have been 
critically reviewed and summarized below. 
 
1.2.1 Conceptual Framework 
In today‟s rapidly changing and highly competitive business environment, the need to quickly 
adapt and respond to market opportunities while controlling manufacturing costs has become 
critical to survival (Young 1995; Richard et al., 1997). Katayama and Bennett (1999) dealt with 
three concepts of concern to manufacturing management; agile manufacturing, adaptable 
production and lean production. These were described and compared within the context of the 
modern competitive situation in Japan. A survey of Japanese firms was described where the 
concepts were explored through a number of questions concerned with strategy, action 
programmes and performance measures.  
Many companies responded to the change in economic conditions through a modification of 
their production operations and by changing their cost structure. The results suggested that 
companies were trying to realize their cost adaptability through agility enhancement activities. 
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Fig. 1.1: Classification of literature 
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Shari and Zhang (1999) discussed the concepts and the development of a methodology to 
achieve agility based on them. Gunasekaran (1999) attempted to review the literature available 
on Agile Manufacturing (AM) with the objective to: (i) identify key strategies and techniques of 
AM, (ii) suggest some future research directions and (iii) develop a framework for the 
development of agile manufacturing systems along four key dimensions which include 
strategies, technologies, systems and people. 
Yusuf et al. (1999) identified the drivers of agility and discussed the portfolio of competitive 
advantages that emerged over time as a result of the changing requirements of manufacturing. 
The need to achieve the competitive advantages of manufacturing in synergy and without trade-
offs was reported as fundamental to the agile paradigm. Furthermore, this paper reviewed the 
meaning of agility from different perspectives and suggested a comprehensive definition which 
could be adopted as a working definition by practitioners. Meredith and Francis (2000) 
discussed various issues on agility based upon preliminary findings of the Agile Manufacturing 
Research Group (AMRG). Through introduction of the agile wheel reference model (AWRM), 
they identified the specific policies and practices that support agility. Sharifi and Zhang (2001) 
developed a methodology for achieving agility in manufacturing organizations. The methodology 
was applied in two manufacturing companies and data collected from the applications were 
used to validate the methodology. This paper provided a brief summary of the methodology and 
details of implementation and validation in the two case examples. Practices were proposed to 
support the achievement of agility in the two organizations. 
Maskell (2001) examined the development of agile manufacturing and explored the key success 
factors such as customer prosperity, people and information, co-operation within and between 
firms, and fitting a company for change. The study highlighted the need for agile companies to 
adequately address their customers‟ fast-changing and focused requirements. To achieve this 
goal the staff must be highly educated and trained and significantly empowered within the 
constraints of a clear vision and delineated company principles and goals. The ability to effect 
change rapidly, highly flexible management structures and comprehensive methods of 
introducing change must be required. Gunasekaran and Yusuf (2002) attempted to examine the 
scope, definitions and strategies of AM. In addition, a framework was presented as a basis for 
understanding the major strategies and relevant technologies of AM. Ren et al. (2003) identified 
the dominant and critical agile attributes and their effects on competitive priority. A method of 
artificial neural network (ANN) having capability of a multi-layer perceptron with back 
propagation algorithm was proposed. The proposed network configured could detect, classify 
and estimate the extent of effects of agile attributes on competitive capabilities.  
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Li et al. (2003) reported that Real Agile Manufacturing (RAM) emphasizes on surviving and 
prospering in the competitive environment of continuous and unpredictable change by reacting 
quickly and effectively to changing markets. RAM was shown to be based upon these 
fundamental principles like multiple winners (manufacturers, suppliers, customers), integration 
(recourses, methods, technologies, departments or organizations), and Information Technology 
(IT). Agarwal et al. (2006) presented a framework which encapsulated the market sensitiveness, 
process integration, information driver and flexibility measures of supply chain performance. The 
paper explored the relationship among lead-time, cost, quality, and service level and the 
leanness and agility of a case supply chain in fast moving consumer goods business. The paper 
analyzed the effect of market winning criteria and market qualifying criteria on the three types of 
supply chains such as lean, agile and leagile. 
Kim et al. (2006) suggested a framework for designing the agile and interoperable Virtual 
Enterprises (VEs). This modeling framework could be used for business managers or business 
domain experts to build an agile and interoperable VE quickly and systematically with insights. It 
also supported a coherent enterprise modeling in which various stakeholders having their own 
aspects and methodology such as an IT manager and a business manager could communicate 
effectively. Narasimhan et al. (2006b) discussed leanness and agility in two ways: - (1) as 
manufacturing paradigms and (2) as performance capabilities. This study attempted to 
determine whether lean and agile forms occur with any degree of regularity in manufacturing 
plants. The results confirmed the existence of homogeneous groups that resembled lean and 
agile performing plants and identified important differences pertaining to their constituent 
performance dimensions. The results indicated that while the pursuit of agility might presume 
leanness, pursuit of leanness might not presume agility. Sherehiy et al. (2007) conducted a 
critical review and identified the global characteristics of agility which could be applied to all 
aspects of enterprise viz. flexibility, responsiveness, speed, culture of change, integration and 
low complexity, high quality and customized products, and mobilization of core competencies. 
Ramesh and Devadasan (2007) contributed a comprehensive model to identify the criteria for 
attaining agility and suggested a procedure to successfully implement it in manufacturing arena. 
They enunciated the exhaustive integration of management and technology-oriented AM criteria 
and their implementation feasibilities.  
Daniel et al. (2007) analyzed agile manufacturing practices in Spain and studied whether it was 
a critical factor for success in different industries. The results showed that the integrated use of 
agile manufacturing practices promoted manufacturing competitive strength, leading to better 
operational, market and financial performance in turbulent environments. Managers should 
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consider the integrated implementation of agile manufacturing practices in order to develop 
manufacturing strength and outperform competitors in turbulent business environments. Kumar 
et al. (2008) analyzed various enablers of agile manufacturing system and developed 
interrelationships using Interpretive Structural Modeling (ISM). These enablers were classified 
with different driving powers and dependencies. This paper might help the manufacturers and 
suppliers for rapid product development by identifying the enablers as drivers and dependence 
and integrating the entire systems. Chan and Thong (2009) addressed action plans to be 
undertaken to overcome the challenge to agile methodologies acceptance. The authors 
provided a critical review of the extant literature on the acceptance of traditional System 
Development Methodologies (SDMs) and agile methodologies and developed a conceptual 
framework for agile methodologies acceptance based on a knowledge management 
perspective. Bottani (2009) attempted to link competitive bases, agile attributes and agile 
enablers, aimed at identifying the most appropriate enablers to be implemented by companies 
starting from competitive characteristics of the related market. The approach was based on the 
quality function deployment (QFD) methodology which was successfully adopted in the new 
product development field. The whole procedure exploited fuzzy logic to translate linguistics 
judgments required for relationships and correlations matrices into numerical values. An 
illustrative example grounded on data available in literature was proposed and discussed to 
show the application of the tool developed. 
Hallgren and Olhager (2009) investigated internal and external factors to drive the choice of 
lean and agile operations capabilities and their respective impact on operational performance 
levels. It was reported that lean and agile manufacturing differ in terms of drivers and outcomes. 
The choice of a cost-leadership strategy fully mediates the impact of the competitive intensity of 
industry as a driver of lean manufacturing, while agile manufacturing is directly affected by both 
internal and external drivers i.e. a differentiation strategy as well as the competitive intensity of 
industry. Agile manufacturing is found to be negatively associated with a cost-leadership 
strategy emphasizing the difference between lean and agile manufacturing. The major 
differences in performance outcomes are related to cost and flexibility such that lean 
manufacturing has a significant impact on cost performance (whereas agile manufacturing has 
not) and that agile manufacturing has a stronger relationship with volume as well as product mix 
flexibility than does lean manufacturing. 
Zhang (2010) presented a case-based investigation of the practical details of the three basic 
types of agility strategies such as quick, responsive, and proactive. A cross-case analysis found 
that the choice of agility strategies is related to the nature of markets and competition, the 
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characteristics of products (life cycles and degrees of maturity), and market positions of 
individual companies. Inmana et al. (2010) theorized and tested a structural model incorporating 
agile manufacturing as the focal construct. The model included the primary components of Just-
in-Time or JIT (JIT-purchasing and JIT-production) as antecedents and operational performance 
and firm performance as consequences to agile manufacturing. Using data collected from 
production and operations managers working for large U.S. manufacturers, the model was 
assessed following a structural equation modeling methodology. The results indicated that JIT-
purchasing had a direct positive relationship with agile manufacturing while the positive 
relationship between JIT- production and agile manufacturing was mediated by JIT-purchasing. 
Bottani (2010) attempted to improve the existing knowledge on agility and aimed at investigating 
both the profile of agile companies and the enablers practically adopted by companies to 
achieve agility. The empirical investigation was performed on a sample of about 190 companies, 
about 65% of which were small and medium enterprises (SMEs). Results of the analysis 
provided a detailed investigation of the agile paradigm and outcomes suggested new 
taxonomies for agile attributes and enablers and in particular provided evidence of attributes 
and enablers that appeared as most relevant in embracing an agile strategy. Yaghoubi and 
Dahmardeh (2010) studied the effective factors on organizational agility including drivers, 
capabilities and enablers of the agility. The paper presented some conceptions of agility at the 
beginning and a brief history of it. Then, drivers, capabilities and 26 enablers introduced with 
imparting different theories and models. It was expected that this research would be able to 
accelerate the organizations getting success and helping the future researchers. 
 
1.2.2 Agile Supply Chain Management (ASCM)  
Today‟s‟ global competitive marketplace is characterized by changing customer and 
technological requirement. To face such a market instability and turbulence, enterprises need to 
emphasize on cost and quality advantage. Business efficiency and effectiveness can be 
achieved through reassessing internal business operations such as purchasing, warehousing, 
material management and distribution. Speed, quality, and flexibility need to be effectively 
emphasized towards responding to the customer‟s ever changing unpredictable needs. To 
become more responsive to the needs of customer and market require more than speed, it also 
requires a high-level maneuverability that has come to be the term agility. Agility in supply chain 
is one of the solutions to achieve competitive advantage as it provides many opportunities for 
reducing operating cost and improving customer service and satisfaction (Anatan, 2006).  
10 
 
Supply chain agility enables an organization to react quickly and more effectively to marketplace 
volatility and other uncertainties, thereby allowing the firm to establish a superior competitive 
position (Aziz and Zailani, 2011).   
In short, agility of a supply chain represents the extent of adaptation to key elements of supply 
chain agility. The key success factors for supply chain agility include customer enrichment 
ahead of competitors, achieving mass customization at the cost of mass production, mastering 
change and uncertainty through routinely adaptable structures, and leveraging the impact of 
people across enterprises through information technology. Agility is the fundamental 
characteristic of a supply chain needed for survival in turbulent and volatile markets due to 
shortened product life cycles and uncertainties in environmental conditions (Agarwal et al., 
2007; Luo et al., 2009).  
Gunasekaran et al. (2008) analyzed both AM and Supply Chain Management (SCM) with the 
objective of developing a framework for responsive supply chain (RSC). The proposed 
framework could be employed as a competitive strategy in a networked economy in which 
customized products/services are produced with virtual organizations and exchanged using e-
commerce. Hoek et al. (2001) presented an attempt to establish an audit of agility in the supply 
chain. The audit was used in an empirical investigation of agile capabilities in Europe. Using 
existing streams of supply chain research as building blocks, a preliminary framework was 
introduced for creating an agile supply chain. Based on a survey of agile efforts in the UK and 
the Benelux, the agile capabilities of companies were assessed and approaches to outscore the 
benchmark were suggested. Yusuf et al. (2004) reviewed emerging patterns in supply chain 
integration. It also explored the relationship between the emerging patterns and attainment of 
competitive objectives. The most important task of the agile supply chain management (ASCM) 
is to reconfigure a supply chain based on the customers‟ requirement. Without more 
sophisticated cooperation and dynamic formation in an agile supply chain, it cannot be achieved 
for mass customization, rapid response and high quality services. Because of its great potential 
in supporting cooperation for the supply chain management, agent technology can carry out the 
cooperative work by inter-operation across networked human, organization and machines at the 
abstractive level in a computational system. In this context, Song et al. (2007) used the agent 
technology to support modeling and coordinating of supply chain management. 
Wadhwa et al. (2007) presented the modeling framework based on analytical network process 
(ANP) to accommodate the complex and tacit interrelationship among factors affecting 
enterprise agility. The modeling framework formed a three-level network with the goal of 
attaining agility from the perspective of market, product, and customer as the actors. The goal 
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depended on sub strategies that addressed the characteristics of the three actors. Each of 
these sub strategies further depended on manufacturing, logistic, sourcing, and information 
technology (IT) flexibility elements of the enterprise supply chain (SC). The research highlighted 
that, under different environmental conditions, enterprises require synergy among appropriate 
supply chain flexibilities for practicing agility. In this research, the ANP modeling software tool 
Super Decisions ™ was used for relative prioritization of the supply chain flexibilities.  
Agarwal et al. (2007) used interpretive structural modeling to understand interrelationships of 
the variables that influence supply chain agility. Baker (2008) examined the design and 
operation of distribution centers within agile supply chains by means of case studies 
emphasizing how individual business units design and operate distribution centers to provide a 
rapid response to their markets. Kisperska-Moron and Swierczek (2009) explored the main agile 
capabilities of Polish companies in supply chains. The variables, which had an impact on the 
inter-organizational agility in the supply chains, were identified. Having performed a factor 
analysis in a space of the variables, the constructs were extracted and employed as 
classification criteria in a cluster analysis. The results of the study showed that the examined 
companies could be grouped into different classes having distinct characteristics. Huang et al. 
(2009) proposed the generic label correcting (GLC) algorithm incorporated with the decision 
rules to solve supply chain modeling problems. The rough set theory was applied to reduce the 
complexity of data space and to induct decision rules. This approach was agile because by 
combining various operators and comparators, different types of paths in the reduced networks 
could be solved with one algorithm.  
Luo et al. (2009) developed a model to overcome the information-processing difficulties inherent 
in screening a large number of potential suppliers in the early stages of the selection process. 
Based on radial basis function artificial neural network (RBF-ANN), the model enabled potential 
suppliers to be assessed against multiple criteria using both quantitative and qualitative 
measures. Its efficacy was illustrated using empirical data from the Chinese electrical appliance 
and equipment manufacturing industries. Wu and Barnes (2010) attempted to advance 
Dempster–Shafer and optimisation theories in order to use it in partner selection decision-
making in agile supply chains. Aziz and Zailani (2011) addressed the issues of supply chain 
agility as promising area of study that had the potential to provide significant practical benefits to 
the firms. Specifically, this conceptual paper addressed the determinants and outcomes 
expected from supply chain agility in the context of Electrical and Electronics (E&E) firms in 
Malaysia. Wu and Barnes (2011) highlighted various decision-making models and approaches 
for partner selection in agile supply chains. Costantino et al. (2012) addressed the configuration 
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problem of Manufacturing Supply Chains (MSC) with reference to the supply planning issue. 
The authors presented a technique for the strategic management of the chain addressing 
supply planning and allowing the improvement of the MSC agility in terms of ability in 
reconfiguration to meet performance. Yusuf et al. (2012) examined agility in the UK North Sea 
upstream oil and gas industry to identify the most important attributes of supply chain agility. 
This work provided new insights into characteristics most relevant within the oil and gas 
industry. Sukati et al. (2012) investigated the relationship between organizational practices and 
supply chain agility. Vinodh et al. (2013) applied fuzzy VIKOR (VlseKriterijumskaOptimizacija I 
KompromisnoResenje in Serbian, meaning multi-criteria optimization and compromise solution) 
for concept selection in an agile environment. 
Pan and Nagi (2013) considered a supply chain network design problem in an agile 
manufacturing scenario with multiple echelons and multiple periods under a situation where 
multiple customers had heavy demands. Decisions in the supply chain design problem included 
selection of one or more companies in each echelon, production, inventory, and transportation. 
The authors formulated the problem integrating all decisions to minimize the total operational 
costs including fixed alliance costs between two companies, production, raw material holding, 
finished products holding, and transportation costs under production and transportation capacity 
limits. A Lagrangian heuristic was proposed in this paper. 
 
1.2.3 Agility Evaluation 
Agility is the ability of an organization to adapt to change and also to seize opportunities that 
become available due to change. While there has been much work and discussion of what 
agility is and how firms can become agile there is little work at measuring the agility of a firm. 
Measurement is necessary for the strategic planning of determining how much agility an 
organization currently posses, determining how much is needed, and then for assessing the gap 
and formulating a strategy for closing any perceived weaknesses (Arteta and Giachetti, 2004).  
Yang and Li (2002) established an Mass-Customized (MC) product manufacturing agility 
evaluation index system through studying MC enterprise‟s organization management agility 
evaluation; MC products design agility evaluation, and MC manufacture agility evaluation. The 
multi-grade fuzzy assessment method was used to evaluate agility of a case organization. 
Tsourveloudis and Valavanis (2002) proposed a knowledge-based framework as a candidate 
solution for the measurement and assessment of manufacturing agility. Given an enterprise, in 
order to calculate its overall agility, a set of quantitatively defined agility parameters was 
proposed and grouped into production, market, people and information infrastructures. The 
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combined, resulting, measure incorporated the individual and grouped infrastructure agility 
parameters and their variations into unique calculated value of the overall agility. The necessary 
expertise used to quantitatively determine and measure individual agility parameters was 
represented via fuzzy logic terminology.  
The measurement of agility seemed difficult to measure since it must be measured in the 
context of a change (Arteta and Giachetti, 2004). Consequently, most current agility 
measurement approaches were found backward looking. A different and novel approach is to 
use complexity as a surrogate measure for agility. The hypothesis supporting this substitution is 
that a less complex enterprise in terms of systems and processes is easier to change and 
consequently more agile. To test this idea, Arteta and Giachetti (2004) presented a model and 
measurement approach for measuring complexity. The model used Petri Nets to find the state 
space probabilities needed for the complexity measure. Wanyu et al. (2005) discussed a 
method for evaluating the agility of dynamic alliance based on certainty factor inference and 
fuzzy logic inference. Using this method, the randomness and fuzziness of evaluation indexes 
could be expressed and managed entirely. This method might play positive role in seeking 
alliance partner for the leader of an alliance, and in evaluating the agility of an enterprise to 
improve itself. 
Lin et al. (2006a) developed the concept of the absolute agility index, a unique and 
unprecedented attempt in agility measurement, using fuzzy logic to address the ambiguity in 
agility evaluation. In another reporting, Lin et al. (2006b) highlighted a fuzzy agility index (FAI) 
based on agility providers using fuzzy logic. The FAI comprised attribute‟ ratings and 
corresponding weights, and was aggregated by a fuzzy weighted average. To illustrate the 
efficacy of the method, this study also evaluated the supply chain agility of a Taiwanese 
company. Jain et al. (2008) proposed an approach based on Fuzzy Association Rule Mining to 
support the decision-makers (DMs) by enhancing the flexibility in making decisions for 
evaluating agility with both tangibles and intangibles attributes/criteria such as Flexibility, 
Profitability, Quality, Innovativeness, Pro-activity, Speed of response, Cost and Robustness. 
Also, by checking the fuzzy classification rules, the goal of knowledge acquisition could be 
achieved in a framework in which evaluation of agility could be established without constraints, 
and consequently checked and compared in several details. Chandna (Kharbanda) (2008) also 
presented a fuzzy logic- knowledge-based framework for the assessment of manufacturing 
agility. The combined measure incorporated certain operational parameters, their variations, 
and their effect on the value of agility. 
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Qumer and Henderson-Sellers (2008) developed an analytical framework called 4-DAT in 
course of comparing agile and traditional methods. Wang (2009) proposed an MC 
manufacturing agility evaluation approach based on concepts of TOPSIS through analyzing the 
agility of organization management, product design, processing manufacture, partnership 
formation capability and integration of information system. The 2-tuple fuzzy linguistic computing 
manner to transform the heterogeneous information assessed by multiple experts into an 
identical decision domain was inherent in the proposed method. Dimitropoulos (2009) 
introduced an index for measuring the capability of a company to timely and profitably exploit 
windows of upcoming commercial opportunity and a model for calculating the long-term cost of 
software in agile production environments. The evaluation focused on the effects of the 
production infrastructure on the strategic and tactical ability of the company. Through the 
introduced index and software cost model, the impact of software on the agility of automatic 
production systems was explained, along with the benefits from reconfigurable production 
control software build upon open standards. 
Ganguly et al. (2009) devoted to developing a framework and quantifying the notion of agility. 
The authors proposed three techniques and associated metrics for determining enterprise 
agility. Lastly, the paper presented a case study related to Apple‟ss digital media to demonstrate 
the utility of the methodology and associated metrics. Vinodh et al. (2010a) reported a research 
carried out to assess the agility level of an organization using a multi-grade fuzzy approach. 
During this research, an agility index measurement model containing twenty criteria 
incorporated with the multi-grade fuzzy approach was designed. Subsequently, the data 
gathered from a manufacturing company was substituted in this model and the proposals for 
enhancing the agility level of this company were derived. The usage of the model contributed in 
this paper would indicate the actions required to enhance an organization‟s agility level. In 
another reporting, Vinodh et al. (2010b) proposed a model called total agile design system 
(TADS). The implementation study conducted to examine this model in a traditional 
manufacturing company was briefly appraised. A scoring model was used for measuring agility 
before and after implementation of TADS. The implementation study revealed the improvement 
of agility by 10%. This improvement was appreciable in traditional manufacturing organization 
where only the mass production-based practices were only currently practiced. 
Jassbi developed an approach based on Adaptive Neuro Fuzzy Inference System 
(ANFIS) for evaluating agility in supply chain considering agility capabilities such as Flexibility, 
Competency, Cost, Responsiveness and Quickness. This evaluation helped the managers to 
perform gap analysis between existent agility level and the desired one and also provided more 
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informative and reliable information for decision making. Finally, the proposed model was 
applied to a leading car manufacturing company in Iran to prove the applicability of the model. 
Seyedhoseini et al. (2010) developed an approach based on Adaptive Neuro Fuzzy Inference 
System (ANFIS) for measurement of agility in Supply Chain in order to inject different and 
complicated agility capabilities (i.e. flexibility, competency, cost, responsiveness and quickness) 
to the model in an ambiguous environment. Shahraki et al. (2011) examined the necessity of 
adapting agility as a vital and inevitable activity in global economic system. In this paper details 
of the approach and a framework of fuzzy agility evaluation were asserted. An example was 
also used to illustrate the approach developed. 
Yauch (2011) attempted to construct a quantitative and objective metric for agility performance 
that assessed agility as a performance outcome capturing both organizational success and 
environmental turbulence and applicable to manufacturing organizations of all types. The agility 
performance metric was developed by creating a theoretical model and then made it operating 
through literature review, case studies, and pilot survey data. It was subsequently refined based 
on input from an expert panel and survey responses. Yaghoubi et al. (2011) focused on the 
concept, importance and necessity of accessing agility and associated reasons. The authors 
assessed agility with the Goldman methodology based on fuzzy approach. In this respect, 
several questionnaires were distributed among the top managers of Saipa Yadak car co., Iran. 
Finally, after precise and through analyses, the sub- criteria were recognized based on the fuzzy 
approach and the possible obstacles for reaching the agility level and different 
recommendations were suggested. Motadel et al. (2011) identified supply chain agility indicators 
in the automotive industry of Tehran. Also the model of supply chain agility in SAZEGOSTAR 
SAIPA Co. was obtained with regression. Radfar et al. (2011) presented a model for evaluating 
the agility in supply chain of two dominant telecommunication companies in Iran. To avoid 
inherent ambiguities caused by linguistic methods, this evaluation model explored Fuzzy 
Inference System (FIS) efficiently. 
Vinodh et al. (2011) performed agility assessment through a case example of an Indian electric 
automotive car manufacturing organization using a scoring approach and validated using an 
effective multi-grade fuzzy method. Vinodh et al. (2012) conducted an extensive research 
towards assessing agility of the manufacturing organization using a scoring approach. This 
paper presented a thirty criteria agility assessment model to measure agility degree and to 
identify the agile characteristics of organization. Thus, weak factors were identified and future 
proposals were suggested so as to enhance organizational agility extent. The authors presented 
a case study in an Indian pump manufacturing organization. 
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1.2.4 Agility Implementation 
Agile manufacturing enables an organization to produce a variety of products within a short 
period of time in a cost-effective manner. With the competition of the markets getting much 
more severe, it is becoming imperative to construct a highly efficient agile manufacturing system 
conforming to customer requirement in products‟ research and development, manufacture, 
sales and service. Besides manufacturing management, data deeply utilization, e-commerce 
and production optimization is also necessary for manufacturing enterprises (Liu et al., 2004).  
Cho and Jung (1996) highlighted key concepts like standard for the exchange of products 
(STEP), concurrent engineering, virtual manufacturing, component-based hierarchical shop floor 
control system information and communication infrastructure etc. as enabling technologies 
related to implementation of agile manufacturing in Korea. Gunasekaran (1998) presented a 
conceptual framework for the development and implementation of an agile manufacturing 
system. This framework considered customization and system integration with the help of 
business process redesign, legal issues, concurrent engineering, computer-integrated 
manufacturing, cost management, total quality management and information technology. Cheng 
et al. (1998) presented an approach towards implementing agile design and manufacturing 
concepts. The approach was based on the integration of Artificial Intelligence (AI) and Internet 
technologies with the conventional design and manufacturing techniques. The paper concluded 
on the potential benefits and the future applications of AI and Internet based agile 
manufacturing technology in industry. Robertson and Jones (1999) described the application of 
agility strategy, originally developed for manufacturing industry, in a telecommunications 
context. Lyu (1999) discussed the key elements of the CALS (continuous acquisition and life-
cycle support) strategy and derived the necessary tactics to tackle the application of the strategy 
towards effective implement an agile management system. Sharp et al. (1999) proposed a 
conceptual model developed to identify where UK's best practice companies were in their quest 
to become agile. In support of this, a questionnaire was developed and completed by best 
practitioners of manufacturing to assess the model and establish whether they were making 
progress to becoming agile manufacturing organizations. 
CALS strategy which originated in the American military in 1985 is widely embraced by many 
countries to build a digitized product life-cycle supporting environment for their industries. Zhang 
and Sharifi (2000) discussed a methodology to assist manufacturing companies to achieve and 
implement agility. Industrial questionnaire surveys and case studies were carried out to support 
and validate the said methodology. Frayret et al. (2001) presented a strategic framework for 
designing and operating agile networked manufacturing systems. This framework allowed 
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collaborative planning, controlling and managing day-to-day operations and contingencies in a 
dynamic environment. The NetMan (Neither Market nor Hierarchy) (Powell, 1990) organizational 
and collaboration strategy consisted of a dynamic business method to organize and operate 
manufacturing activities through the configuration, activation and operation of a distributed 
network of inter-dependent and responsible manufacturing centers. The concepts underlying 
this strategic framework as well as the technical implications of such an approach were 
illustrated, using a detailed case study inspired by a motor coach industrial partner. 
Mass customization relates to the ability to provide individually designed products and services 
to every customer through high process flexibility and integration. Mass customization has been 
identified as a competitive strategy by an increasing number of companies.  
Silveira et al. (2001) surveyed the literature on mass customization. Enablers to mass 
customization and their impact on the development of production systems were discussed in 
length. Approaches to implementing mass customization were compiled and classified. 
Gunasekaran et al. (2002) presented a case study conducted on agile manufacturing in the 
GECMarconi Aerospace (GECMAe) company. GECMAe manufactures pumping systems, 
pneumatic systems, electro-mechanical actuators and sub-systems, and fuel handling and 
metering equipment for ground applications and for bulk fuel distribution. The study provided the 
reader with an insight into the company and its agility level. An agility audit questionnaire was 
used for assessing the agility level of the company. GECMAe‟s agile manufacturing experience 
was reported including a list of recommendations for improving its competitiveness. Elkinsa et 
al. (2004) discussed two simple decision models that provided initial insights and industry 
perspective into the business case for investment in agile manufacturing systems. The models 
were applied to study the hypothetical decision of whether to invest in a dedicated, agile, or 
flexible manufacturing system for engine and transmission parts machining. These decision 
models were a first step toward developing practical business case tools that helped industry to 
assess the value while implementing agile manufacturing systems. 
Liu et al. (2004) analyzed the main feature of customer-driven manufacturing system and 
pointed out that there were four crucial subsystems viz. integrated manufacturing subsystem, 
data warehouse subsystem, quick responding subsystem and e-sales subsystem, catering to 
the requirements of various customers in time. This paper also provided the realization case of 
customer-driven agile manufacturing system in Baosteel, China. Poolton et al. (2008) examined 
the application of the principles of agile manufacturing to marketing strategy, planning and 
management in the context of small and medium-sized enterprises (SMEs). The study used the 
case study method to test the development and deployment of agile marketing by applying the 
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marketing techniques normally practiced only by larger companies within the „hard‟ and „soft‟ 
constraints imposed by one small company‟s managerial attitudes, corporate resources and 
time horizons.  
Sidky et al. (2007) presented the agile adoption framework and the innovative approach used to 
implement it. The framework consisted of two components such as an agile measurement index 
and a four-stage process that was made to guide and assists the agile adoption efforts of 
organizations. More specifically, the Sidky Agile Measurement Index (SAMI) encompassed 
various agile levels that were used to identify the agile potential of projects and organizations.  
Zhang (2007) proposed a framework for the agility implementation and described the 
development and analysis of a numerical taxonomy of agility strategies using the proposed 
framework. The taxonomy was developed with cluster analysis based on the relative importance 
attached to seven agility capabilities by a number of U.K. manufacturing companies. Three 
distinct clusters of strategy groups were observed across the industry studied such as Quick, 
Responsive and Proactive Players. It was reported that Quick Players are oriented towards a 
strong customer focus and quickness. They do not emphasize flexibility and responsiveness to 
changes and they give low priority to proactiveness and partnership. Responsive Players are 
preoccupied with flexibility and responsiveness to changes. They do not emphasize 
proactiveness and partnerships and they attach low importance to quickness. Proactive Players 
are characterized by high priorities on proactiveness and customer focus, high values attached 
to all capabilities, and high importance given to partnerships. The underlying dimensions of agile 
capabilities along which the three strategy groups differ were investigated based on factor 
analysis and canonical discriminant analysis.  
Ifandoudas and Chapman (2009) documented an action research (AR) project aimed at 
identifying the practical steps needed to become an agile manufacturer through a combination 
of the theory of constraints (TOC) and resource- based view (RBV) approaches in a small-to-
medium enterprise (SME) in the Australian manufacturing sector. Petersen and Wohlin (2009) 
conducted empirical studies for identifying a number of issues and advantages of incremental 
and agile methods. Xu (2009) studied the actuality analysis of the medium and small-scale 
manufacturing industry production mode in his country while implementing agile manufacturing 
strategy.  
Vinodh et al. (2010) highlighted Total Agile Design System (TADS), a model, analogous to the 
technology integrated agile product development cycle. As reported by the authors, concept 
selection is an important phase of TADS which is a multi-criteria decision-making (MCDM) 
problem. Selection of the best concept from agile perspective gains vital importance. The 
19 
 
concepts of fuzzy logic were integrated with Analytical Network Process (ANP) in order to 
overcome the vagueness and uncertainty associated with opinions of the decision-makers. 
Fuzzy ANP was utilized in this study to enable the selection of best concept. The case study 
was carried out in an Indian traditional manufacturing organization. The results of the validation 
indicated that fuzzy ANP was found an effective approach for selecting best concept thereby 
improving agility of product development process. Tseng and Lin (2011) suggested an agility 
development method for dealing with the interface and alignment issues among the agility 
drivers, capabilities and providers using the Quality Function Deployment (QFD) relationship 
matrix and fuzzy logic. A fuzzy agility index (FAI) for an enterprise composed of agility capability 
ratings and a total relation-weight with agility drivers was developed to measure the agility level 
of an enterprise. This report also described how this robust approach was applied to develop 
agility in a Taiwanese information technology (IT) product and service enterprise. Laanti et al. 
(2011) reported that agile methods were rapidly replacing traditional methods by providing 
evidence from a large-scale agile transformation within Nokia. Garbie (2011) proposed a 
conceptual model to measure the agility level of the petroleum companies in Oman based on 
existing technologies, level of qualifying human resources, production strategies, and 
organization management systems. Several case studies were presented to demonstrate the 
proposed issues and technique through an agility questionnaire which was used for assessing 
the agility level of these companies. These studies provide the readers with an insight into the 
companies and their agility levels. Carlson and Turner (2013) reviewed selected non software 
agile case studies for lessons that were applicable to implementing agile methods to transform 
the aircraft systems integration process. 
 
 
1.2.5 Agile Manufacturing System Design  
Lee (1998) considered agile manufacturing in the early design of components and 
manufacturing systems. A design for agility rule was formulated, proved, and substantiated by 
numerical results. The design rule reduced manufacturing lead times in consecutive changes of 
product models. Along with changes of product models, machines were relocated considering 
the overall costs of material handling and reconfiguration. A machine relocation problem was 
mathematically formulated and solved with a solution procedure developed in this paper. Kusiak 
and He (1998) attempted to simplify scheduling of manufacturing systems through appropriate 
design of products and manufacturing systems. An attempt has been made to generate rules 
that allowed designing products and systems for easy scheduling. The implementation of the 
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rules was also discussed. Gunasekaran (1999) reported on design and implementation aspects 
of agile manufacturing systems. Suitable strategies were discussed for the development of agile 
manufacturing. These strategies mainly focused on virtual enterprise, supply chain management 
and concurrent engineering. Zhang et al. (1999) discussed the object-oriented modeling for cell 
control system. This paper defined manufacturing entity object (MEO) as reusable building block 
of modeling and addressed the structure of manufacturing entity object. MEO modeling scheme 
facilitated the process of modeling.  
To address the challenges of a rapidly changing manufacturing market, a new type of 
manufacturing system with characteristics of Reconfigurability, reusability and scalability, an 
agile manufacturing system (AMS) has to be developed. Reconfigurability is an essential feature 
of AMS. Such a system can use basic building blocks both hardware and software which can be 
reconfigured quickly and reliably. A fundamental early step in the reconfiguring process for an 
agile manufacturing system is to develop a model that adequately describes the proposed 
system, in order to be able to study and evaluate the impact of the reconfiguring decision on the 
system performance, before its construction. Therefore, the rapid modeling and reusable 
modeling capabilities are demanded (Chan and Zhang, 2001).  
In this context, Chan and Zhang (2001) proposed an Object and Knowledge-based Interval 
Timed Petri-Net (OKITPN) approach which provided an object-oriented and modular method of 
modeling manufacturing activities. It included knowledge, interval time, modular and 
communication attributes. The features of object-oriented modeling allowed the AMS to be 
modeled with the properties of classes and objects and made the concept of software IC 
possible for rapid modeling of complex AMSs. Once all of the Interval Timed Petri-Net (ITPN) 
objects were well defined the developers need to consider only the interfaces and operations 
relating to the ITPN objects. In order to demonstrate the capability of the proposed OKITPN, the 
authors attempted to model rapidly AMSs that were reconfigured according to requirements. 
Li et al. (2002) summarized the general situation of research on agile fixture design and the 
achievements and deficiencies in the field of case-based fixture design. Furthermore, a whole 
case-based agile fixture design model was presented in which three modules were introduced 
including the evaluation of the similarity of fixture planning, conflict arbitration and the 
modification of an agile fixture case. The three modules could be used to solve a problem where 
experience and design results cannot be re-used in the process of fixture design. BüyüKözkan 
et al. (2004) pointed out the synergistic impact of new product development (NPD) and 
concurrent engineering (CE) (which can be called together CNPD) and to survey their methods 
and tools in association with the AM. 
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Meza' et al. (1997) attempted to develop optimization algorithms and software tools that 
enabled automated design thereby allowing for agile manufacturing. This report described the 
development of a common set of optimization tools using object-oriented programming 
techniques that could be applied to these types of problems. The authors gave examples of 
several applications that are representative of design problems including an inverse scattering 
problem, a vibration isolation problem, a system identification problem for the correlation of finite 
element models with test data and the control of a chemical vapor deposition reactor furnace. 
Because the function evaluations are computationally expensive, we emphasize algorithms that 
can be adapted to parallel computers. Carlsona and Yao (2008) carried out investigations in 
simulating an agile as well as synchronized manufacturing system (furniture production 
systems). The simulation developed represented an existing production system. It generated 
expected outputs under conditions of operation variability, queue lengths (buffers) and batch 
changeover (set-up) times over a range of three uniform and feasible batch sizes. Thus, the 
real-time status and location of components and subassemblies consigned to a specific 
production batch was essential for maintaining and improving quality and utilization of 
personnel, space, material and other resources. 
Bhat (2008) provided fundamental insight into how manufacturing systems should be designed 
and reconfigured over time in order to cope with different agile manufacturing factors. To 
achieve this objective the author developed three approaches and integrated into one 
simulation-based model. The first approach was used to model different agile manufacturing 
environments. The second approach was proposed to define various ways in which 
manufacturing systems could be designed and reconfigured (i.e., design/reconfiguration 
strategies). The third comprised the cost and objective functions used to measure system 
performance when different design/reconfiguration strategies were used in different agile 
manufacturing environments. It was concluded that it is important in certain manufacturing 
environments to focus on reconfiguration in short periods of time, even at the expense of higher 
reconfiguration costs. 
The complexity of a production system is caused by two factors: by a time-independent poor 
design that causes low efficiency (system design) and by a time dependent reduction of system 
performance due to system deterioration or to market or technology changes (system 
dynamics). To optimize the efficiency and changeability of a production system both factors 
must be considered (Matt, 2010). Starting from complexity theory, Matt (2010) presented a 
procedure that helped not only to design production systems with low or zero time-independent 
complexity (focus: flexibility and efficiency) but also to prevent the unpredictable influences of 
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the time-dependent combinatorial complexity by transforming it into a periodic review and 
adaptation of the system‟s volume and variant capabilities (focus: agility). 
Grimheden (2013) presented a study of the integration of agile methods into mechatronics 
design education as performed at KTH Royal Institute of Technology, Sweden. The chosen 
method, Scrum and the context of the studied capstone course were presented. It was shown 
that it was possible and favorable to integrate Scrum in a mechatronics capstone course and 
that this could enhance student preparation for a future career as mechatronics designers or 
product developers. It was also shown that this had the capability to prepare the students with a 
larger flexibility to handle the increased complexity in mechatronics product development and 
thereby enabling the project teams to deliver results faster more reliably and with higher quality. 
 
 
 
1.2.6 Information System Agility  
Manufacturing companies are facing rapid and unanticipated changes in their business 
environment. Agile manufacturing (AM) is a manufacturing paradigm that focuses on smaller 
scale, modular production facilities, and agile operations capable of dealing with turbulent and 
changing environments. Virtual enterprise (VE) and information technology (IT) are to important 
enablers of agility implementation. 
Information systems are regarded as enablers and facilitators of the concept of agile 
manufacturing. Adrian et al. (2002) addressed with the definition of an appropriate set of 
information technology/information systems (IT/IS) proficiency characteristics. Moreover, the 
work studied the evolution of IT/IS in manufacturing and the importance of information systems 
to support a series of attributes widely recognized in the literature of agile manufacturing. The 
results enabled the opportunity to start building guidelines for the identification of information 
systems requirements to support agility. Lee et al. (2004) introduced a dynamic data 
interchange scheme which attempted to exchange the data automatically as well as enabled the 
filtering of valuable data between traditional relational database model and case-based 
reasoning knowledge repository. The significance of this paper was concerned with the 
intelligent data exchange within a hybrid database system, embracing the empirical data to help 
agile manufacturing enterprises make critical decisions. 
Cao and Dowlatshahi (2005) explored the impact of the alignment between VE and IT on 
business performance in an AM setting. It was also established that the alignment between VE 
and IT had a positive impact on business performance. Further, it was shown that the impact of 
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the alignment between VE and IT on business performance was more significant than the 
impact of VE and IT on business performance individually.  
Agile Software Development and the breed of Agile Methodologies (XP, SCRUM, DSDM, etc.) 
have gained popularity since 2001. Primarily founded as methodologies for software projects 
executed at a single location, Agile Methodologies have started showing promising results in 
multi-site projects too with many adopters and practitioners across the globe. It is therefore 
desirable to have an analytical tool to evaluate current agile software development methods in 
practice. In this context, Qumer and Henderson-Sellers (2008) proposed a 4-Dimensional 
Analytical Tool (4-DAT) for researchers and practitioners for the purpose of analysis and 
comparison of agile methods. 4-DAT would facilitate the examination of agile methods from four 
perspectives or dimensions: method scope characterization, agility characterization, agile 
values (agile manifesto) characterization and software process characterization. The tool was 
intended for use by software practitioners to compare and analyze agile methods. A report that 
was generated with the help of 4-DAT could be used for decision making regarding the adoption 
of an appropriate agile method. Bavani (2009) explored experience in executing outsourced 
product development and testing engagements using distributed agile practices. This paper 
presented critical success factors that need to be considered while implementing agile software 
development and testing across distributed teams. 
Dimitropoulos (2009) introduced an index for measuring the ability of a company to timely and 
profitably exploit windows of upcoming commercial opportunity and a model for calculating the 
long-term cost of software in agile production environments. The evaluation focused on the 
effects of the production infrastructure on the strategic and tactical ability of the company. 
Through the introduced index and software cost model the impact of software on the agility of 
automatic production systems was explained along with the benefits from reconfigurable 
production control software build upon open standards. Misra et al. (2009) advanced the state-
of-the-art of the research in agile software development (ASD) by conducting a survey-based 
ex-post-facto study for identifying factors from the perspective of the ASD practitioners that 
would influence the success of projects that adopt ASD practices. The important success 
factors that were found such as customer satisfaction, customer collaboration, customer 
commitment, decision time, corporate culture, control, personal characteristics, societal culture, 
and training and learning. 
Wan and Wang (2010) discussed agile software process improvement in P company (P 
company being a multi-business company with main business in telecommunications services in 
Hong Kong) with their description of process management in current level and analysis of 
24 
 
problems, design the P Company success factors model in organizational culture, systems, 
products, customers, markets, leadership, technology and other key dimensions, which was 
verified through questionnaire in P company. The authors used applications knowledge creation 
theory to analyze the open source software community with successful application of the typical 
agile software method, proposed principles of knowledge creation in open source software 
community: Self-organizing, Code sharing, Adaptation, Usability, Sustention, Talent, Interaction, 
Collaboration, Happiness and Democracy. 
Hoda et al. (2012) used Grounded Theory as a qualitative research method to study forty agile 
practitioners across sixteen software organizations in New Zealand and India and explored how 
these agile teams made themselves self-organized. The authors demonstrated the application 
of Grounded Theory to Software Engineering. In doing so, the authors presented (a) a detailed 
description of the Grounded Theory methodology in general and its application in research in 
particular; (b) discussed the major challenges they encountered while performing Grounded 
Theory‟s various activities and their strategies for overcoming these challenges and (c) 
presented a sample of our data and results to illustrate the artifacts and outcomes of Grounded 
Theory research. 
Wang et al. (2012) focused on „leagile‟ software development. It was shown that lean could be 
applied in agile processes in different manners for different purposes. Lean concepts, principles 
and practices were most often used for continuous agile process improvement, with the most 
recent introduction being the KANBAN approach, introducing a continuous, flow-based 
substitute to time-boxed agile processes. 
 
 
1.2.7 Leanness versus Agility: Leagility  
In this era of globalization modern manufacturing enterprises are continuously facing tough 
market competitions. The remarkable industrial growth in past few decades has completely 
revolutionized their traditional manufacturing strategies giving emergence to the modern 
concepts of lean, agile, and nowadays, leagile manufacturing. These new strategies enable the 
enterprises to survive in the turbulent environment of violent competitions laid down by their 
competitors. The requirement of faster delivery within due date, the ability of being flexible to 
satisfy fluctuating market demand have been the prime motivations that has provoked 
manufacturing enterprises to look for the available best alternatives and implement it in their 
daily manufacturing practices. This led to the development of a new concept of „leagility‟, which 
is an integration of lean and agile principles. Agile manufacturing is adopted where demand is 
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volatile and lean manufacturing is adopted where there is a stable demand. However, in some 
situations it is advisable to utilize a different paradigm on either side of the material flow de-
coupling point to enable a total supply chain strategy. This approach is termed as leagile 
paradigm (Mason-Jones, 2000a, b). 
Recent advancements have shown that leagile principle has immense potential to counteract 
the existing complexity of the market scenario. Therefore, leagile principles are, nowadays, 
attracting modern manufacturing enterprises; researchers as well as management practitioners 
are aiming to find its potential benefits almost in all industrial sectors throughout the globe.  
Lean manufacturing focuses on cost reduction by eliminating non-value added activities so that 
several advantages can be obtained such as minimization/elimination of waste, increased 
business opportunities and to gain competitive advantage. Lean manufacturing is generally 
adopted where there is a stable demand and to ensure a level schedule. The term „lean 
manufacturing‟, which first appeared in 1990s (Womack, 1990, Holweg, 2007) when it was used 
to refer to the elimination of waste in the production process, has been announced as the 
production system of the 21st century. Historically, the concept of lean manufacturing was 
originated with Toyota Production Systems (TPS); and Toyota had increasingly become known 
for its effectiveness in implementing Just-In-Time (JIT) manufacturing systems. Lean 
manufacturing is called „lean‟ as it uses less or the minimum, of everything required to produce 
a product or perform a service. Lean operations eliminate seven tedious wastes, namely 
overproduction, over processing, motion, waiting, transportation, defects, and inventory. 
On the contrary, agile manufacturing is the ability to respond and create new windows of 
opportunity in a turbulent market environment driven by the individualization of customers‟ 
requirements cost effectively, rapidly and continuously. Agile manufacturing is essentially the 
utilization of market knowledge and virtual corporation to exploit profitable opportunities in a 
volatile marketplace (Power et al., 2001; Katayama and Bennett, 1999; Christopher, 2000).  
Agile manufacturing is used to represent the ability of a producer of goods and services to thrive 
in the face of continuous change. These changes can occur in markets, in technologies, in 
business relationships and in all facets of the business enterprise. On the contrary, for the lean 
manufacturing the emphasis is on cost-cutting. The requirement for organizations to become 
more flexible and responsive to customers‟ expectations led to the concept of agile 
manufacturing as a differentiation from the lean organization.  
Leagility is the combination of the lean and agile paradigms within a supply chain strategy by 
proper positioning the „decoupling point‟. A leagile system has the characteristics of both lean 
and agile parts, acting together in order to exploit market opportunities in a cost-efficient 
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manner. The system defined as leagile could be an entire supply chain or a single 
manufacturing plant with individual lean and agile sub-groups containing a decoupling point, 
which separates the lean and agile portions of the system. The decoupling point is the point in 
the material flow streams to which the customer‟s order penetrates (Mason-Jones et al., 2000a, 
b; Prince and Kay, 2003). It is the point where order driven and the forecast driven activities 
meet. A decoupling point within a factory enables lean and agile practices to complement each 
other at the operational level to improve overall performance and profitability of the factory. The 
most important reason behind combining these two concepts is to take advantages of both in a 
single unit; because, there is always a need for responding to volatile demand downstream and 
providing level scheduling upstream from the marketplace (Hoek et al., 2001).  
Naylor et al. (1999) believed that agile and lean manufacturing can be treated as complement to 
each other in the right operational conditions and should not be viewed as competitive, rather as 
mutually supportive. Agility is dynamic and context specific, aggressively change embracing and 
growth oriented (Goldman et al., 1995). Agile manufacturing promises not only improved 
manufacturing performance but also the support of future business strategies designed to 
improve the way in which an enterprise competes in the market place. On a strategic level agile 
manufacturing is seemed very attractive for its potential to cope up with future uncertainty and 
the prospect of producing a wide range of highly customized products at mass production 
prices. Therefore, these two concepts can be combined within successfully designed and 
operated supply chains where agile manufacturing concepts are applied to the part of the supply 
chain under the greatest pressure to operate in an environment of fluctuating demand in terms 
of volume and variety. Lean concepts can then be applied to the rest of the supply chain to 
create and encourage level demand necessary to achieve the cost benefits associated with this 
production strategy. The innovation being sought is the application of lean and agile concepts at 
different stages of the same manufacturing process route so that the benefits of both strategies 
can be maximized.  
Naylor et al. (1999) compared lean and agile paradigm highlighting the similarities and 
differences as agile manufacturing is best suited to satisfy a fluctuating demand and lean 
manufacturing requires a level schedule. They combined both the paradigm within a total supply 
chain strategy particularly considering market knowledge and positioning of the decoupling 
point. Mason-Jones et al. (2000a) integrated lean production and agile supply in the total supply 
chain and supplemented by information enrichment which required evaluation of the total 
performance metric and development of a route map. Adopting such an approach to supply 
chain re-engineering ensured that customer service levels were improved at the same time lead 
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times and costs were greatly reduced. Mason-Jones et al. (2000b) classified supply chain 
design and operations according to the Lean, Agile and Leagile paradigms that enabled to 
match the supply chain type according to marketplace necessity. Herer et al. (2002) introduced 
transshipments, which represented a common practice in multi-location inventory systems 
involving monitored movement of stock between locations at the same level of the supply chain 
and established a model, how transshipments could be used to enhance both agility and 
leanness. Stratton and Warburton (2003) explored the role of inventory and capacity in 
accommodating the lean as well as agile supply chain variation and identified how Theory of 
Inventive Problem Solving (TRIZ) separation principles and Theory of Constraints (TOC) tools 
might be combined in the integrated development of responsive and efficient supply chains.  
Prince and Kay (2003) described the circumstances on which manufacturing organizations 
required an integrated agile and lean characteristic in their supply chain.  They also described 
the development of the virtual group (VG) concept, which was the application of virtual cells to 
functional layouts. VGs enabled the appropriate application of lean and agile concepts to 
different stages of production within a factory. The identification of VGs was achieved through 
enhanced production flow analysis (EPFA). Bruce et al. (2000) discussed the characteristics of 
the textiles and apparel industry and identified the perspectives of leanness, agility and leagility 
within existing supply chain fiction which offered as solutions to achieving quick response and 
reduced lead times.  
Narasimhan et al. (2006) attempted an empirical study to determine whether leanness and 
agility forms occurred with any degree of uniformity in manufacturing plants. The result 
illustrated the existence of homogeneous groups that resembled lean and agile performing 
plants. They identified important differences pertaining to their constituent performance and also 
revealed that while the pursuit of agility might presume leanness, pursuit of leanness might not 
presume agility. Agarwal et al. (2006) presented a framework which encapsulated the market 
sensitiveness, process integration, information driver as well as flexibility measures of supply 
chain performance. They investigated the relationship among lead-time, cost, quality and 
service level and presented a case study on three types of supply chain viz. lean, agile and 
leagile in the context of fast moving consumer goods business. Krishnamurthy and Yauch 
(2007) proposed a theoretical model of leagile manufacturing and analyzed the utility of leagility 
concept to a single corporate with multiple business units. They explained whether a decoupling 
point would be necessary to distinguish the lean and agile portions of the enterprise.  
Rahimnia and Moghadasian (2010) presented a case study to apply the decoupling point 
concept in a healthcare delivery system considering the leagile concept. By grouping healthcare 
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services into three pipelines the aforesaid study identified decoupling points for the supply 
chain. It also argued that while discussing leagility in a professional service organization the 
important role of human resources should be highlighted. Chan et al. (2009) proposed an 
integrated process planning and scheduling model inheriting the salient features of outsourcing; 
and leagile principles to compete in the existing market scenario. The authors also proposed a 
new hybrid Enhanced Swift Converging Simulated Annealing (ESCSA) algorithm to solve the 
complex real-time scheduling problems. It had an inherent feature of the Genetic Algorithm 
(GA), Simulated Annealing (SA) and the Fuzzy Logic Controller (FLC). Rahimnia et al. (2009) 
highlighted the application of leagility and its characteristics in a mass service organization. 
Despite the low customization in mass services, fast food restaurants faced changing needs of 
the customers. To respond to these demands, the case organization could adopt new strategies 
so that it could be able to serve the customer with short lead times, low costs and high variety. 
Huang and Li (2010) illustrated how a personal computer original equipment manufacturer 
(OEM) in Taiwan achieved leagility through re-engineering of its supply chain. The case study 
showed how the company adjusted its production processes from build-to-order (BTO) to 
configuration-to order (CTO) so as to achieve leagility.  
Konecka (2010) emphasized the importance of the risk management in supply chains strategy 
such as lean, agile and leagile. These studies facilitated the choice of an appropriate supply 
chain strategy based on the risk analysis. Moron and Haan (2011) presented a practical case 
study on polish distributer in Poland. They stated that during the volatile period an agile 
approach provided the flexibility and competitiveness needed. However, when the market 
matured; the overly expensive agility caused last minute crisis; then a lean approach enabled 
the optimization of processes needed to supply customer in a more reliable way.   
Azevedo et al. (2012) proposed  an  index  to  evaluate  the  extent of agility  and  leanness  of 
individual companies  and  the  corresponding  supply  chain.  The index was obtained  from  a  
set  of agile  and  lean  supply  chain  practices  integrated  in  an  assessment  model named  
Agile and Delphi  technique  which was used  to  develop  a  series  of  weighted  agile  and  
lean  supply chain management  practices  and  also the  importance  of  the paradigms  
through  experts  in  automotive. Soni and Kodali (2012) addressed the issue of lack of standard 
constructs in frameworks of lean, agile and leagile supply chain by evaluating reliability and 
validity of lean, agile and leagile supply chain constructs in Indian manufacturing industry. 
Principle Component Analysis (PCA) was performed on these constructs to find out the pillars of 
each type of supply chain followed by evaluating reliability and validity of these pillars to 
establish the underlying constructs.  
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1.3 Motivation and Objectives 
The distribution of the work done so far in various areas of agility has been shown in Fig. 1.2 by 
means of a pie chart. It has been observed that out of 100% (total number of research articles 
studied), 19% work has been conducted on development of conceptual framework, modeling of 
agile manufacturing, understanding of hierarchy of agile providers/capabilities, agile attributes 
as well as agile criterion. 14% work has been carried out focusing agile supply chain 
management. 17% work has been documented in literature aiming at agility evaluation. Agility 
implementation, agile manufacturing system design, information system agility and leagility 
correspond to 16%, 9%, 7% and 18% of the past studies conducted.      
 
 
 
Fig. 1.2: Distribution of the work carried out on various aspects of agility 
 
Agility evaluation and related aspects have always been a major area of concern for the 
industrialists, management practitioners as well as academicians.  Though 17% work has been 
covered in the area of agility evaluation; the research is still being continued  and outcome are 
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being reported which indicates that there is enough scope for further research as well as value 
addition in this important aspect.  
It is definite that, one cannot claim that he/she reviewed all/every academic publication in agile 
manufacturing, or more specifically, agility evaluation. But the one has to go through the 
detailed literature review (as more as he/she can collect) and based on this to identify the 
research gap following with research objectives are articulated. Therefore, based on the volume 
of literature has been studied, a statistics has been provided showing that out of the total 
number of research articles studied; it has been found that only 17% of that addressed on agility 
evaluation. The 17% obviously being a considerable lesser amount; therefore, the work has 
been motivated to investigate in this particular area. 
Rationale for studies has been presented from the perspective that specific gaps in knowledge 
have been observed from a review of literature. The research gaps have been identified below. 
The main problem that arises in course of agility estimation is due to the subjectivity of 
evaluation indices (drivers/provides-attributes-criterions). In order to tackle this, pioneers put 
effort to a considerable extent which is evident from the supportive literature. It is felt that the 
methodologies, tools and techniques available in existing literature, towards agility 
appraisement, need to be refined. The limitations as well as assumptions of the existing tools 
need to be overcome. It is indeed necessary to develop an efficient, logical and flexible 
appraisement module applicable for agility assessment as well as monitoring of existing agility 
extent. The extent of literature suggests that majority of available literature on agility evaluation, 
although extensive work has so far not sought to identify and analyze the drivers and obstacles 
for implementation of agile manufacturing in Indian manufacturing firms so as to enable the 
managers in decision-making (in relation to agility appraisement, agility benchmarking as well 
as suppliers selection in agile supply chain).            
 
The prime objectives of this thesis have been highlighted below: 
1. To identify and analyze the drivers and obstacles for implementation of agile manufacturing 
in Indian manufacturing firms so as to enable the managers in decision-making. 
Agility can be explained in terms of agile capabilities (called drivers or enablers), agility 
attributes as well as agility criterions. It is basically a three-level hierarchy. All the evaluation 
indices (capabilities/attributes/criterions) are interrelated to one another and their aggregated 
influence affects overall agility degree. While implementing agility concepts in manufacturing 
(the supply chain), the key success factors (i.e. evaluation indices) and their relationship 
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need to be properly understood. The factors that boost up agility; and those trying to obstruct 
agility (barriers) are to be critically analyzed.   
2. To develop a methodology for agility appraisement in manufacturing firms. 
For organizations those have already implemented/adapted agility concepts in manufacturing 
(of organizational supply chain); it is indeed necessary to go for agility appraisement. Such 
agility assessment may be helpful in monitoring ongoing performance extent of the existing 
agility inspired practices, in identifying ill-performing areas (agility barriers) and in planning 
future action plans in order to boost up (enhance) overall agility degree.   
3. To propose a methodology for benchmarking of agile enterprises so that best practices can 
be transferred to non-performing units. 
Benchmarking of agile enterprises may help in identifying best agile practices. The overall 
performance extent of different agile Industries can be compared. Benchmarking of best agile 
practices can easily be transmitted to the industries; organizations can follow their peers in 
order to improve agile performance in future. 
4. To propose a methodology for supplier selection in agile supply chain. 
Supplier selection is an important aspect in agile supply chain. Traditional suppliers‟ selection 
criterions need to be modified/ restructured to facilitate such decision-making problems in 
agile supply chain. Most of the selection criterions being subjective in nature; a fuzzy 
embedded supplier appraisement module is indeed necessary to be developed as fuzzy logic 
has the capability of dealing with inherent vagueness, inconsistency, imprecision and 
incompleteness associated with human judgment of qualitative evaluation in information.      
The main problem that arises in course of agility estimation is the issue of subjectivity. Agility 
itself can be described by some capabilities (enablers)-attributes as well as criterions. Most of 
these evaluation indices are qualitative in nature which cannot be evaluated by exact numeric 
score. The extent of appropriateness (rating or weight) is generally judged by the Decision-
Makers (DMs). Subjectivity of human judgment (based on human perception) brings uncertainty, 
inconsistency, imprecision as well as vagueness in the decision-making. Therefore, exploration 
of fuzzy logic, grey numbers theory comes into the picture to facilitate the said decision-making 
problem solving. 
The thesis has been organized in such a manner that the prime objectives (as mentioned 
earlier) can be addressed in subsequent chapters, thus maintaining an appropriate 
chronological order. Different chapter deals with different aspects of agility appraisement (agility 
evaluation in fuzzy/grey context, identification of agile capabilities/drivers/obstacles, agile 
enterprise benchmarking as well as agile suppliers selection) Therefore, in each chapter, 
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background and relevance of the current sub-theme (problem statement) of the entire work has 
been provided.  
Attempts have been made to robustly root the problems associated agile evaluation within the 
literature that addresses research priorities and the current research agenda within agility 
(evaluation). The following references have been cited which explicitly state that the scope of 
research in agility appraisement appears as an area of interest for scholarship (Richard et al., 
1997; Gunasekaran, 1999; Ramesh and Devadasan, 2007). 
Motivated the paper by (Stuart et al., 2002) in order to get an idea on framing research 
questions; the following research questions have been introduced in the thesis which is in 
appropriate alignment to the prime objectives of the thesis. 
1. What is the effective way (tool/technique) in order to align agility capabilities/enablers/derivers 
in perspective of Indian manufacturing firms? 
2. How subjectivity of evaluation indices can be taken care of in decision-making for agility 
evaluation, benchmarking of agile enterprises as well as suppliers selection. What is the 
appraisement platform to aid agility related decision-making?  
3. Can overall agility index be quantified? 
    
 
1.4 Research Methodology     
The justification for the choice of the overall research methodology has been introduced here. 
To start with the classification of case research as described by Voss et al. (2002): 
A case study is a history of a past or current phenomenon, drawn from multiple sources of 
evidence. It can include data from direct observation and systematic interviewing as well as 
from public and private archives. In fact, any fact relevant to the stream of events describing the 
phenomenon is a potential datum in a case study, since context is important (Leonard-Barton, 
1990). 
A case study is a unit of analysis in case research. It is possible to use different cases from the 
same firm to study different issues, or to research the same issue in a variety of contexts in the 
same firm. Case research is the method that uses case studies as its basis. Meredith (1998) 
cites three outstanding strengths of case research put forward by Bebensat et al. (1987): 
1. The phenomenon can be studied in its natural setting and meaningful, relevant theory 
generated from the understanding gained through observing actual practice. 
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2.  The case method allows the questions of why, what and how, to be answered with a 
relatively full understanding of the nature and complexity of the complete phenomenon. 
3. The case method lends itself to early, exploratory investigations where the variables are still 
unknown and the phenomenon not at all understood. 
Case studies can be used for different types of research purposes such as exploration, theory 
building, theory testing and theory extension/refinement (Voss et al., 2002). 
 
Exploration 
In the early stages of many research programs, exploration is needed to develop research ideas 
and questions. Many doctoral theses begin with one or more case studies in order to generate a 
list of research questions that are worth pursuing further (e.g. Frohlich, 1998). 
Theory building 
A particular area where cases are strong is theory building. “Nothing is so practical as a good 
theory” (Van De Ven, 1989). Theory can be considered as being made up of four components: 
definitions of terms or variables, a domain-the exact setting in which the theory can be applied, 
a set of relationships and specific predictions (Wacker, 1998).  
A theory may be viewed as a system of constructs and variables in which constructs are related 
to each other by propositions and the variables are related to each other by hypotheses 
(Baccarach, 1989). Without theory, it is impossible to make meaningful sense of empirically-
generated data, it is not possible to distinguish positive from negative results, and empirical 
research merely becomes „data-dredging” (Handfield and Melnyk, 1998). If we are to ground 
theory on data, then a large and rich amount of primary data is needed, and case studies are a 
prime source of this (McCutcheon and Meredith, 1993). Cases are particularly useful when 
there is uncertainty in the definition of constructs (Mukherjee et al., 2000).  
Theory testing 
Despite its limited use for theory testing, case study research has been used in the operations 
management field in order to test complicated issues such as strategy implementation (e.g. 
Pagell and Krause, 1999; Boyer and McDermott, 1999; McLachlin, 1997). When case study 
research is used for theory testing, it is typically used in conjunction with survey based research 
in order to achieve triangulation. This is the use and combination of different methods to study 
the same phenomenon, so as to avoid sharing the same weakness (Cook and Campbell, 1979; 
Campbell and Fiske, 1959; Jick, 1979). 
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Theory extension/refinement  
Case studies can also be used as a follow-up to survey based research in an attempt to 
examine more deeply and validate previous empirical researches (Voss et al., 2002).  
Overall, operations management is a very dynamic field in which new practices are continually 
emerging. Case research provides an excellent means of studying emergent practices. Case 
research both builds on theory and is an excellent means for development of theory in 
operations management (McCutcheon and Meredith, 1993).  
The category that the present study precisely falls within has been indicated below (against 
individual objectives/aspects addressed in the thesis). 
  
I. To identify and analyze the drivers and obstacles for implementation of agile manufacturing 
in Indian manufacturing firms so as to enable the managers in decision-making. (Theory 
Building) 
II. To develop a methodology for agility appraisement in manufacturing firms. (Theory testing 
and refinement) 
III. To propose a methodology for benchmarking of agile enterprises so that best practices can 
be transferred to non-performing units. (Theory testing and refinement) 
IV. To propose a methodology for supplier selection in agile supply chain. (Theory testing and 
refinement) 
 
 
1.5 Organization of the Present Dissertation   
The major focus areas (coverage) of the present work have been furnished in Fig. 1.3. The 
thesis has been organized as follows: 
Chapter 1 (Research Background) highlights extensive literature review and motivation of the 
present work. The objectives of the present study have been determined as well. This thesis 
mainly focuses on understanding and proper alignment of agility drivers (providers/capabilities), 
agility attributes and agility criterions towards assessing agility. Development of agility 
appraisement module applicable for supply chain, mass customized system, and organizational 
level is the prime motivation of the thesis work. Application of a variety of Multi-Criteria Decision 
Making (MCDM) tools coupled with the concept of fuzzy logic as well as grey relation theory 
towards agility index assessment and related managerial decision-making has been attempted 
through empirical research and case study. 
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Chapter 2 (An Understanding on Interrelationship of Agile Enablers/Drivers in Indian 
Manufacturing Firms) focuses on application of Interpretive Structural Modeling (ISM) and the 
concept of Factor Analysis (FA) in order to provide extent body of knowledge on 
interrelationship of agile drivers towards assessing organizational agility in Indian perspective. 
Chapter 3 (Development of Agility Appraisement Modules in Industrial Supply Chain) 
attempts to develop different appraisement modules (procedural hierarchy) towards agility index 
estimation. Generalized Fuzzy Numbers (GFNs), Interval-Valued Fuzzy Numbers (IVFNs) 
adapted from fuzzy set theory along with grey numbers and the concept of grey possibility 
degree (adapted from grey relation theory) has been tactfully utilized to facilitate agility 
evaluation and related decision-making. The concepts of fuzzy numbers ranking by (i) rank, 
mode, divergence, spread (ii) maximizing set and minimizing set theory, (iii) Degree of Similarity 
(DOS) have been utilized in indentifying various agile barriers (obstacles towards achieving 
agility). The proposed agility appraisement module has been case studied in two Indian 
industries (i) automobile as well as (ii) railway construction in order to investigate the existing 
agile scenarios of the said organizations.  
Chapter 4 (Organizational Agility, Benchmarking of Agile Systems and Analysis of Risk 
in Decision-Making) provides important insights towards appraising organizational agility, 
benchmarking of agile systems and analysis of risks in agile assessment decision-making. A 
comparative study has been made on application of grey theory as well as Fuzzy-TOPSIS 
towards benchmarking (ranking) of candidate MC systems. In later part of this chapter, the 
influence of decision-makers‟ risk bearing attitude on overall organizational agility assessment 
has been critically studied.  
The aspects of supplier selection in agile supply chain (agile supplier selection or suppliers 
possessing agile attributes) have been covered in Chapter 5 (Supplier Evaluation and 
Selection in Agile Supply Chain). Firstly, a supplier selection cum evaluation (appraisement) 
platform has been developed in fuzzy environment. The concept of ranking fuzzy numbers by (i) 
„maximizing set and minimizing set‟ and (ii) Degree of Similarity have been efficiently explored 
to identify ill-performing areas corresponding to a particular candidate supplier. 
This study has been extended with an application of a recently developed MCDM tool i.e. 
MOORA (Multi-Objective Optimization by Ratio Analysis) in combination with fuzzy logic (Fuzzy-
MULTIMOORA) to facilitate supplier selection decision-making in agile supply chain. 
Finally, Chapter 6 (Executive Summary and Conclusions) complies and summarizes 
outcome of the present research; based on which conclusions have been drawn and future 
research directions have been clearly identified as well.   
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Fig. 1.3: Focus areas (coverage) of the present work 
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2.1 Interrelationship of Drivers for Agile Manufacturing:  
An   Indian Experience 
 
2.1.1 Overview 
Change seems to be one of the enterprise‟s important characteristics to gain competitive 
advantage in ever-increasing business environment. Agile Manufacturing (AM) is viewed as a 
winning strategy by the organizations to quickly adapt and orient themselves in changing 
environments. It is important to identify various agile drivers which can be deployed collectively 
to make the organization profit making one in the market place. All the agility drivers (or 
characteristics) do not require the same focus and attention on the part of decision-makers. To 
this end, Interpretive Structural Modeling (ISM) has been adopted to study drivers of agile 
concept systematically. ISM is capable of addressing the complexities and dynamics of an issue 
to ease the decision making process. The technique presents a hierarchical structure that 
depicts the direct and indirect linkages amongst various components in a system based on 
primacy, precedence, and causality over and among each other. The key drivers for 
implementation of agile concept in manufacturing context have been identified in an Indian 
environment. 
 
2.1.2 Introduction 
Today, the business enterprises must restructure and reengineer themselves to overcome the 
challenges of demanding customers who rapidly change their needs (Bunce and Gould, 1996). 
The changing customer and technological requirements compel manufacturers to develop new 
business strategies in order to become competitive in the marketplace.  As „„Change‟‟ seems to 
be one of the important characteristics, the enterprises are contemplating to adopt agile 
manufacturing, because, it quickly adopts changing environments. Agility enables enterprises to 
thrive in face of competitive environment of unpredictable and continuous change (Richards, 
1996). As economy of scale and mass production results in inflexible plants which cannot be 
easily reconfigured, it is essential to develop more flexible and responsive organizations (Gould 
1997; Moore, 1995). To cope up with market instability, enterprises now look upon to speed, 
quality and flexibility rather than cost which are being emphasized as responsive to the unique 
needs of customers and markets (Gunasekaran et al., 2008). The agility framework provides a 
platform for industries so that they can better placed themselves to exploit new and emerging 
opportunities in the marketplace (Poolton et al., 2008; Browne et al., 1995). Four main aspects 
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of agile manufacturing such as agility drivers, strategic abilities, agility provider and agility 
capabilities must be understood thoroughly before its implementation (Sharifi et al., 2001). To 
respond the changes, some drivers are required which force a company to revise its existing 
strategy, adopt an agility strategy and admit the need to become agile. Therefore, agility drivers 
take the company to a new position in response to the competitive advantage. This enhances to 
revisit the company‟s strategy structure and reconstruct it according to agile concept (Kidd, 
1994; Goldman et al., 1995). Strategic abilities allow to successfully dealing with the changes 
and they include attributes like as responsiveness, competency, quickness, flexibility, and 
collaboration. Agility capabilities can be achieved by agility providers from four predominant 
areas such as organization, technology, people and innovation. The integration of these four 
areas is required to provide agility capabilities (Kidd, 1994). All the agility providers do not 
warrant the same focus and need the attention of the decision makers to segregate them into 
different classifications.  
The automobile industries are a high capital investment, high technology and high product 
integrated industry. Agile Manufacturing system acts as a strategic initiative which helps to 
survive in the unpredictable and ever-changing market with effective cost to respond dynamic 
customers‟ demand in the automobile industries. Elkins et al. (2004) used descriptive influence 
diagram, spreadsheet model as well as a decision tree model for gain insight into the value of 
system agility. However, the study did not lead to explore interaction among various agile 
enablers.  Garbie et al. (2008) pointed out few components that assisted in enhancing agility 
effectively from a gamut of enablers. Therefore, a set of enablers needs to be explored and their 
interaction must be studied. In addition, drivers and dependents which are reliant on the drivers 
and facilitators/enablers should be prioritized. As the success of automobile companies depend 
mainly upon automobile manufacturer and distributor partnership, complexity of partnership was 
studied using a systematic procedure involving a large number of system variables which acted 
as driving forces (Chen and Wu, 2010). 
It is generally felt that individuals or group of decision makers encounter difficulties in dealing 
with complex issues or systems. The complexity of the issues or systems is due to the presence 
of a large number of elements and interactions among these elements. The presence of directly 
or indirectly related elements complicates the structure of the system which may or may not be 
articulated in a clear fashion. It becomes difficult to deal with such a system in which structure is 
not clearly defined. Hence, it necessitates the development of a methodology which aids in 
identifying a structure within a system. Interpretive structural modeling (ISM) is such a 
methodology. ISM approach gives a better understanding of a system structure and draws up 
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useful guideline in generating a graphical representation of the structure (Vivek et al., 2008). 
Hasan et al. (2007) used ISM approach to identify barriers in agile manufacturing context, but 
literature is seemed almost silent to explore enablers and their interrelationship of enablers in 
Indian manufacturing environment. 
In this work, drivers for implementing agile manufacturing in Indian context have been identified. 
The interrelationship among the drivers has been developed using ISM. The study will help the 
managers to formulate policies keeping in view of complex interdependence of the drivers for 
the successful implementation of agile manufacturing. The hierarchy developed in this study is 
quite generic and can be adopted in any manufacturing condition once the drivers have been 
identified clearly to address the issues of a complex system. 
Thus, the ISM based model proposed here for identification of drivers of AM can provide the 
decision-makers to extract realistic representation of the overall structure in course of 
implementing AM system. This can help in deciding the priority to proactively take steps in 
combating these drivers.  
 
2.1.3 Understanding of State of Art 
The term “agile manufacturing” was coined by a US Government sponsored research program 
at Lehigh University and latter at MIT (Nagel et al., 1991) realizing the fact that competitive 
advantage comes from time rather than cost today. Agile manufacturing focuses on speed and 
flexibility not cost (Gunasekaran et al., 2008). Hence, manufacturers are now striving to become 
agile (Booth, 1996; Ward, 1994). However, agility, adaptability and leanness are three pillars of 
mutually supporting concepts to improve competitiveness and prospects of survival in an 
increasingly global and volatile business environment (Goldman et al., 1995). To provide 
customer driven products and services in a continuous changing environment, agility paradigm 
is a successful application of competitive bases responding to speed, flexibility, innovation, and 
quality by the means of the integration of reconfigurable resources (Yusuf et al., 1999).  
In response to changes in the environment, organizational flexibility is considered as the 
organization‟s major ability to adjust its internal structures and processes (Reed and Blunsdon, 
1998). Each company can achieve agility based on the audit that relates the agility dimensions 
with current and future company operations, cooperation to enhance competitiveness, 
organizing to master changes and leveraging the impact of people and information (Goldman et 
al., 1995). Jackson and Johansson (2003) proposed agility capabilities in slightly different four 
dimensions such as product-related change capabilities, change competency within operations, 
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internal and external co-operation, and people, knowledge, and creativity. Yusuf et al. (1999) 
distinguished three aspects of agility related to different level of enterprise like elemental agility, 
micro-agility, and macro-agility. Sharifi et al. (2001) classified the attributes of an enterprise 
related to agile manufacturing into agility drivers, strategic abilities, agility providers and agility 
capability. The agility index used for agile measurement is the combination of agility capabilities 
intensity levels in various dimensions of agile manufacturing. Zhang (2007) developed a 
taxonomy in which agility drivers, capabilities, and providers were used as constructs and 
shown how agility drivers acts as driving forces to obtain agility capabilities to perform various 
tasks fulfilling strategic requirements. Ren et al. (2000) proposed an Analytical Hierarchical 
Process (AHP) approach for measuring agility of the enterprise. Many researchers proposed 
fuzzy logic knowledge-based framework for measuring agility in imprecise and uncertain 
environment (Lin et al., 2006a, b; Tsourveloudis and Valavanis, 2002). This framework 
considers four infrastructure of agile manufacturing such as production, market, people and 
information. Plant, processes, equipment, layout, and material handling can be measured in 
terms of time and cost and included in production infrastructure. Market infrastructure is focused 
on the external environment of the enterprise which depends upon customer service and market 
feedback. 
 Agile enterprise networks must be collaborative networks that aim to move forward in a 
decentralized and dynamical way instead of static hierarchical cooperation and value chains 
(Ivanov et al., 2007). Training and motivation of the personnel are important aspects to improve 
people infrastructure. Information infrastructure refers to information flow within and outside of 
organization measured by the ability to capture, managing and sharing information. Every 
successful organization must work towards incorporating agile entities into their supply chains.  
The change phenomenon needs a thorough understanding of variables that impact the agility of 
supply chains. All the variables do not require the same focus; rather, a set of variables (driver 
variables) which needs maximum attention must be identified. An agility improvement index was 
proposed based on these driver variables to compare various supply chains on agility 
improvement efforts through an integrated approach of interpretive structural modeling (ISM) 
and graph theory (Faisal et al., 2007). In a complex system, structuring of the variables and 
obtaining interrelation among them is always a matter of concern. Warfield (1973) proposed ISM 
methodology which is a computer assisted learning process that enables individuals or groups 
to develop a map of the complex relationships among many elements involved in a complex 
situation. Wang et al. (2008) used ISM to summarize the critical barriers hindering the project of 
energy saving in China and explained the interrelationships among them. Vivek et al. (2008) 
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resorted to ISM to establish changing emphases of the speciﬁc elements in offshore alliances 
because ISM approach gives a better understanding of a system structure and draws up a 
useful guideline in generating a graphical representation of the structure. The process 
transforms complex systems through sorting the system variables into groups of various 
characteristics and prioritization of group of variables can be made using Multi-Attribute 
Decision Making (MADM) approach (Chen and Wu, 2010). 
ISM is often used to provide fundamental understanding of complex situations as well as to put 
together a course of action for solving a problem (Anantatmula et al., 2005; Warfield, 1976). It 
drives individuals or groups to develop a map of the complex relationships between many 
elements involved in a complex decision situation (Charan et al, 2008). Saxena et al. (1992) 
applied the ISM for the modeling of variables of energy conservation in an Indian cement factory 
to identify key variables using direct as well as indirect interrelationships among the variables. 
Mandal and Deshmukh (1994) used ISM to analyze some of the important criteria on vendor 
selection and showed the inter-relationships among criteria. Sharma et al. (1995) used the ISM 
methodology to develop hierarchy of action required to achieve the future objective of waste 
management in India. Successful adoption and implementation of agile manufacturing requires 
a systematic study of its enablers. In this direction, Ramesh et al. (1998) used ISM to derive 
interrelationships of the variables influencing supply chain collaboration. The interrelationship 
among barriers for implementing agile manufacturing was studied by Hasan et al. (2007). The 
relationship among agile enablers is systematically studied using ISM (Hasan et al., 2009). To 
add value to the previous research, this study aims to identify and determine the relationship 
among various drivers for implementation of agile manufacturing in an effective and appropriate 
manner.  
 
2.1.4 An Overview of the ISM Approach 
Interpretive Structural Modeling was first proposed by J. Warfield in 1973 to analyze the 
complex socioeconomic systems. The ISM process transforms unclear, poorly articulated 
mental models of systems into visible, well-defined models useful for many purposes (Ahuja et 
al, 2009). It is a method for developing hierarchy of system enablers to represent the system 
structure (Bottani, 2009). ISM is an interactive learning process in which a set of different and 
directly related elements are structured into a comprehensive systematic model. A systemic way 
of identification of relationship among various enablers helps to evaluate the complexities and 
dynamics involved in the implementation of agile manufacturing (Hasan et al., 2009). The basic 
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idea of ISM is to decompose a complicated system into several subsystems (elements) by using 
practical experience of experts and their knowledge. ISM is a computer-assisted learning 
process that enables individuals or groups to develop a map of the complex relationships 
between many elements involved in a complex situation. The complexity of the issues or 
systems is due to the presence of a large number of elements and interactions among these 
elements as the drivers for execution of agile manufacturing. The presence of directly or 
indirectly related elements complicates the structure of a system which may or may not be 
articulated in a clear fashion. The ISM is capable of identifying a sophisticated system hierarchy 
through a series of matrix manipulation, which otherwise, would be rather difficult in a system 
with a wide variety of system variables (Gorvett and Liu, 2007).  
 The important characteristics of ISM are given as follows. 
 (a) This methodology is interpretive as the judgment of the group decides whether and how 
the different elements are related. 
(b)  It is structural on the basis of mutual relationship. An overall structure is extracted from 
the complex set of elements. 
(c)  It is a modeling technique as the specific relationships and overall structure are 
portrayed in a digraph model. 
(d)  It helps to impose order and direction on the complexity of relationships among various 
elements of a system. 
(e)  It is primarily intended as a group learning process but individuals can also use it. 
 
The various steps involved in the ISM methodology are discussed as follows.  
Step 1:   Identification of drivers: The elements of the system are identified which are relevant 
to the problem or issue and then achieved with a group problem-solving technique 
like brain storming sessions.  
Step 2:   Contextual Relationship: From the enablers identified in step 1, a contextual 
relationship is identified among drivers with respect to whom pairs of variables would 
be examined.  After resolving the driver set and the contextual relation, a structural 
self-interaction matrix (SSIM) is prepared based on pair-wise comparison of drivers 
of the system under consideration. Four symbols are used to denote the direction of 
relationship between the criterion (i and j).  
       V - for the relation from element i to element j and not in both directions; 
       A - for the relation from element j to element i and not in both directions; 
       X - for both the directional relations from element i to element j and j to i; 
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       O - if the relation between the elements did not appear valid. 
Step 3:  The SSIM is transformed into a binary matrix called the initial reachability matrix by 
substituting V, A, X, O by 1 and 0 as per the following case. The rules for the 
substitution of 1‟s and 0‟s are listed below.  
I.    If the (i, j) entry in the SSIM is V, then the (i, j) entry in the reachability matrix 
becomes 1 and the (j, i) entry becomes 0.  
II.  If the (i, j) entry in the SSIM is A, then the (i, j) entry in the reachability matrix 
becomes 0 and the (j, i) entry becomes 1.  
III.  If the (i, j) entry in the SSIM is X, then the (i, j) entry in the reachability matrix 
becomes 1 and the (j, i) entry also becomes 1.  
IV. If the (i, j) entry in the SSIM is O, then the (i, j) entry in the reachability matrix 
becomes 0 and the (j, i) entry also becomes 0 
Step 4: The reachability matrix obtained in step 3 is converted into the final reachability 
matrix by checking it for transitivity. The transitivity of the contextual relation is a 
basic assumption in ISM which states that if element A is related to B and B is 
related to C, then A is related to C. 
Step 5:  The final reachability matrix thus obtained is converted into the canonical matrix 
format by arranging the elements according to their levels. 
Step 6:  From the canonical matrix form of the reachability matrix, a directed graph is drawn 
by means of vertices or nodes and lines of edges and the transitive links are 
removed based on the relationships given above in the reachability matrix. The 
resultant digraph is converted into an ISM by replacing enabler nodes with 
statements. 
 
2.1.5 Results and Discussions 
It is vital to identify the critical drivers which are mainly responsible to move the industry towards 
success. If the driving forces and their interrelationship are understood properly, their 
prioritization and categorization becomes easy. A decision-making method is adopted in which 
sixteen experts from the industrial sectors and academia is consulted in identifying the driving 
forces and the nature of contextual relationship between various factors. As one success factor 
leads to another based on this contextual relationship, a structural self-interaction matrix (SSIM) 
is developed showing the relations. After a thorough discussion with focus groups from Indian 
manufacturing companies, the following drivers have been arrived through consensus. 
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Drivers for Agile Manufacturing 
 
1. Widening customer requirements: The changing market scenario, demand for 
individualized products and services, increase in quality expectations, and need to 
quicker delivery of products are some of the factors that customers are very much 
concerned now-a-days. 
2. Competition criteria: Always these exists intense pressure on manufacturing 
companies on cost of products and demand of some innovations which leads to huge 
competition in the market. Some other criteria include increasing pressure of global 
markets, flexibility to changes in market requirement and responsiveness. 
3. Culture of rapid change: Because of increasing rate of change in product models 
and product life time shrinkages, a culture of rapid adaptation should be incorporated 
as corporate culture. 
4. Technological advancements: To cope up with the today‟s customers/market need, 
companies are focused to introduce more efficient and faster and economic 
production facilities, new soft technologies and inclusion of information technology in 
new hard technologies. 
5. Social factors: This factor includes environmental pressures, workforce/workplace 
expectations, and legal pressures. 
6. Integration and proactivity: To fulfill the customers‟ expectations manufacturers 
have to integrate themselves with them to identify their problems and requirements. 
Apart from this, they must acquire capabilities just ahead of what may be the need of 
today. In this way, proactivity may lead to strategic advances for competing in the 
turbulence of the global market.  
7. Reduced lead time: To remain competitive, manufacturers are required to produce 
products in sufficient quantity at lower cost, with high quality and decreasing lead 
time.  
 
Based on experts‟ opinion, the next step is to establish contextual relationship through 
brainstorming process. The ISM methodology explores expert‟s opinion using brainstorming 
session for the development of contextual relationships of different driving forces. Here 
contextual relationship of type “helps to achieve” has been used to formulate the SSIM as 
shown in Table 2.1. The symbols V, A, X and O used SSIM are explained as follows: 
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1) Driver 1 helps to achieve driver 2, thus the relationship between them is denoted by V.  
2)  Driver 2 can be archived through driver 3, thus the relationship between them is 
denoted by A. 
3) Driver 1 and 4 helps to achieve each other .Therefore, the relationship between them is 
X. 
4) No relationship exists between driver 1 and 5, therefore the relationship is denoted by O. 
 
Table 2.1: Structural Self-Interaction Matrix (SSIM) 
Agile Drivers 7 6 5 4 3 2 
1 Widening Customer Requirements V V O X X V 
2 Competition Criteria  V V V V A  
3 Culture of Rapid Change O V V V   
4 Technological Advancements V V O    
5 Social Factors O V     
6 Integration and Proactivity O      
7 Reduced Lead Time       
 
The SSIM format has been transformed into initial reachability matrix format by transforming the 
information in each entry as explained in Step 3 of Section 2.1.4 as shown in Table 2.1.  
 
Table 2.2:  Initial Reachability matrix 
 
Drivers  1 2 3 4 5 6 7 
1 1 1 1 1 0 1 1 
2 0 1 0 1 1 1 1 
3 1 1 1 1 1 1 0 
4 1 0 0 1 0 1 1 
5 0 0 0 0 1 1 0 
6 0 0 0 0 0 1 0 
7 0 0 0 0 1 0 1 
 
 
The reachability matrix has been checked for transitivity rule as described in Step 4 in Section 
2.1.4. If the transitivity rule is not found to be satisfied, the SSIM is reviewed again and modified 
by specific feedback about transitivity relation from the experts. The driving power of a particular 
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element is the total number of elements including itself, which may help to achieve. The 
dependence is the total number of elements which may help achieving it. The final reachability 
matrix has been shown in Table 2.3 along with the driving power and dependence of each 
element. 
 
Table 2.3: Final Reachability matrix 
Drivers  1 2 3 4 5 6 7 Driving Power 
1 1 1 1 1 1* 1 1 7 
2 1* 1 0 1 1 1 1 6 
3 1 1 1 1 1 1 1* 7 
4 1 1* 1* 1 0 1 1 6 
5 0 0 0 0 1 1 0 2 
6 0 0 0 0 0 1 0 1 
7 0 0 0 0 1 1* 1 3 
Dependence  4 4 3 4 5 7 5  
 
Table 2.4: Partition of Reachability Matrix: 1st iteration 
Drivers Reachability Set Antecedent Set Intersection Set  Level 
1 1,2,3,4,5,6,7 1,2,3,4 1,2,3,4  
2 1,2,4,5,6,7 1,2,3,4 1,2,4  
3 1,2,3,4,5,6,7 1,3,4 1,3,4  
4 1,2,3,4,6,7 1,2,3,4 1,2,3,4  
5 5,6 1,2,3,5,7 5  
6 6 1,2,3,4,5,6,7 6 I 
7 5,5,7 1,2,3,4,7 7  
 
From the final reachability matrix, the reachability and antecedent set for each driver has been 
found. The reachability set consists of the element itself and the other elements which it may 
help to achieve whereas the antecedent set consists of the element itself and the other 
elements which may help in achieving it. Subsequently, the intersection of these sets is derived 
for each driver. The drivers for which the reachability and the intersection sets are the same, 
they occupy the top level in the ISM hierarchy. The top level elements in the hierarchy would not 
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help achieve any other element above its own level. Once the top level element is identified, it is 
separated out from the other elements. Then, the same process is repeated to find out the 
elements in the next level. This process is to be continued until the level of each element is 
found. These levels help in building the diagraph and the final model. The level partitions in all 
iterations have been shown in Tables 2.4- 2.7. 
 
Table 2.5: Partition of Reachability Matrix: 2nd iteration 
Drivers Reachability Set Antecedent Set Intersection Set  Level 
1 1,2,3,4,5,7 1,2,3,4 1,2,3,4  
2 1,2,4,5,7 1,2,3,4 1,2,4  
3 1,2,3,4,5,7 1,3,4 1,3,4  
4 1,2,3,4,7 1,2,3,4 1,2,3,4  
5 5 1,2,3,5,7 5 II 
7 5,7 1,2,3,4,7 7  
 
Table 2.6: Partition of Reachability Matrix: 3rd iteration 
Drivers Reachability Set Antecedent Set Intersection Set  Level 
1 1,2,3,4,7 1,2,3,4 1,2,3,4  
2 1,2,4,7 1,2,3,4 1,2,4  
3 1,2,3,4,7 1,3,4 1,3,4  
4 1,2,3,4,7 1,2,3,4 1,2,3,4  
7 7 1,2,3,4,7 7 III 
 
Table 2.7: Partition of Reachability Matrix: 4th iteration 
Drivers Reachability Set Antecedent Set Intersection Set  Level 
1 1,2,3,4 1,2,3,4 1,2,3,4 IV 
2 1,2,4 1,2,3,4 1,2,4 IV 
3 1,2,3,4 1,3,4 1,3,4 V 
4 1,2,3,4 1,2,3,4 1,2,3,4 IV 
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Having identified the levels of elements, the relationship amongst elements has been drawn 
with the help of an arrow. The diagraph shown in Fig. 2.1 provides information about hierarchy 
between the elements of drivers. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.1:  ISM based model for understanding of drivers in agile manufacturing 
 
A MICMAC analysis is carried out to classify the drivers into various clusters based on the 
driving power and dependence of each driver that influence the implementation of agile 
manufacturing. The classification is shown in Fig. 2. The drivers in first cluster have weak 
driving power and weak dependence and are known as Autonomous or Excluded drivers. These 
drivers have only a few links with the system. In the present study none of the drivers is 
classified into this category. Another cluster of drivers have weak driving power but strong 
dependence. These drivers are called depending drivers or result enablers. Driver 7 has a weak 
driving power but strong dependence on other drivers. This indicates that it requires all other 
drivers to come together for overcoming difficulties in successful implementation of agile 
manufacturing. Driver 5 and 6 are also clustered in this category. In the third cluster, drivers 
having strong driving power and strong dependence are categorized. These drivers are very 
influent and very dependent at the same time. They are otherwise known as relay drivers. 
These drivers are very sensitive in the sense that any action on these indicators will have 
impact on other drivers and amplify pulse on agile implementation. In present case, three 
Integration and Proactivity 
Social Factors 
Reduced lead time 
Widening Customer 
Requirements 
Competition Criteria 
 
Culture of rapid change 
Technological 
Advancements 
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drivers such as “Widening Customer Requirements” (Driver 1), “Competition Criteria” (Driver 2) 
and “Technological Advancements” (Driver 4) are the drivers in this category. The fourth 
category of drivers is characterized by strong driving power and weak dependence. These 
drivers are altogether very influent and little dependent. Most of the drivers causing smooth 
implementation of agile manufacturing thus depend on these drivers. These drivers condition 
the rest of the system and are also called independent or determinant drivers. These influent 
drivers are most crucial elements since they can act on the system depending on how much we 
can control them as a key factor. The analysis reveals that the only driver “Culture of rapid 
change” (Driver 3) is ranked as independent drivers as this has maximum driver power. This 
implies that this variable is key driver for successful implementation of agile manufacturing. 
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Fig. 2.2:  Driving Power-Dependence diagram 
 
2.1.6 Concluding Remarks 
Manufacturing firms can improve agility capabilities if agility providers are identified and 
implemented in various areas of manufacturing such as organization, technology, people and 
innovation (Danuta and Swierczek, 2009). The integration of these four areas is required to 
provide agility capabilities in order to effective address various issues related to competition 
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arising from market place. All the agility providers do not warrant the same focus and need the 
attention of the decision makers to segregate them into different classifications. ISM is a useful 
tool for exercising a logical thinking in approaching complex issues. Some of the major drivers 
highlighted for enabling agile manufacturing are tested using ISM model to analyze the 
interaction between the drivers. The driving power-dependence diagram gives some valuable 
insights about the relative importance and the interdependencies among the drivers. The 
insights gained are useful for the managers so that they can proactively deal with these drivers. 
The methodology proposed here structures the drivers in a hierarchical form for ease of 
managing them. Thus the ISM based model proposed for identification of drivers of agile 
manufacturing   can provide the decision makers a realistic representation of the problem in the 
course of implementing agile manufacturing. Driver 5 (Social Factors), 6 (integration and 
proactively) and 7 (reduced lead time) have weak driving power but strong dependence on other 
drivers.  This indicates that it requires all other drivers to come together for overcoming 
difficulties in successful implementation of agile manufacturing. Driver 1(Widening Customer 
Requirements), driver 2 (competition criteria) and driver 4 (technological advancements) have 
strong driving power and strong dependence. These drivers are highly influent and dependent 
at the same time and known as relay driver. These drivers should be studied carefully than the 
others because they are very sensitive in the sense that any action on these indicators will have 
impact on other drivers. Driver 3 (culture of rapid change) is known as independent driver as it 
has maximum driver power. This driver is characterized by high driving power and weak 
dependency. This variable, in fact, is key driver for successful implementation of agile 
manufacturing. The study can be further extended using structural equation modeling approach 
to find out the degree of dependence. Also quality function deployment can be applied to further 
break down the enablers into specific tools. 
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2.2 Alignment of Dimensions towards Modeling 
Organizational Supply Chain Agility 
 
2.2.1 Overview 
In the present study, the concept and the application of Factor Analysis (FA) to achieve effective 
dimensions on organizational supply chain agility has been explained. Factor analysis is a 
statistical approach through which the number and nature of variables, which measure the test, 
are clarified. Factor analysis is generally performed by combining different variables together, 
thereby, obtaining a few variables called as an individual factor/dimension. This method 
determines interrelationship among analysis data and reduces total number variables into less 
number of factors/dimensions for simplicity in analysis. In the case study of an Indian 
automobile sector in order to define effective factors describing organizational supply chain 
agility, on the basis of conceptual model, a questionnaire has been compiled. The survey data 
obtained thereof, has been analyzed by descriptive statistics and all variables have been 
categorized finally into thirteen factors (dimensions) through exploratory factor analysis. This 
would facilitate in estimating organizational overall agility extent and various managerial 
decision-making.  
 
2.2.2 Research Background 
In today‟s competitive global business scenario, successful survival by facing „ever-changing 
environment‟ has become one of the major thrust areas for every manufacturing cum production 
units/industrial sectors, their supply chain. There exist intense competitive pressures on 
companies due to the pervasive influence of globalization towards improving operational 
flexibility in an efficient manner for enhanced competitiveness and overall business performance 
(Ebiringa, 2011). Such pressures include competition from foreign products, new product 
introduction by competitors, falling product life cycles, unanticipated customer shifts, and 
advances in manufacturing and Information Technology (Browne et al., 1995). It is also due to 
the entry of numerous competitors in the world market (Gunasekaran et al., 2008; Saisse and 
Wilding, 1997). The agility concept highlights the industrial enterprises‟ attempts to implement 
and improve their competitive advantage (Kisperska-moron and Swierczek 2009; Rahiminia, et 
al., 2009). 
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In the contemporary market scenario, customers demand frequently change in a very 
unpredictable way. This situation indicates the dynamic nature of customers‟ demands. Hence, 
modern manufacturing organizations should be capable of reconfiguring their existing 
manufacturing system to suit the dynamic customers‟ demands (Brown and Bessant, 2003). 
This condition forces for acquiring the new concept of „agility‟ and to sift toward agile 
manufacturing (AM) paradigm. It is the reconfiguration of business relationships, products and 
processes for being successful in the hyperactive competitive marketplace (Iskanius and 
Helaakoski, 2009). Agile manufacturing is a new and revolutionary concept of manufacturing as 
well as assembling of products. It is the next logical step in the evolutionary chain of 
manufacturing technologies; following on the heels of its predecessors, craft production, mass 
production, and lean production (Rad et al., 2011). Agile organizations provide flexibility, speed, 
quality, service, efficiency and enable firms to react deliberately, effectively in a coordinated 
manner to change in the environment. It increases organizational capability as it provides high 
quality products with shorter product life cycle, in less delivery time; therefore, it is vital for 
organizational competitiveness. 
Agility is the capability to survive and prosper in a competitive environment of continuous and 
unexpected change by reacting quickly and effectively to changing markets, driven by customer-
designed products and services (Gunasekaran1998, 1999). Agility refers to the strategic ability 
of an enterprise to adapt and accommodate quickly unplanned and sudden changes in market 
opportunities and pressures. Measurement of agility index is of prime importance to assess 
existing agility level, to change/modify strategic concepts in order to improve agility extent. It is a 
scale the management uses to identify the agile potential of a project or organization/ supply 
chain. Therefore, it is essential to achieve effective entities on organizational agility. 
The agile practices are basic building of agility measurement index. The AM practices aim 
towards manufacturing capabilities to responsively introduce new products ahead of competitors 
in order to remain competitive (Dimitropoulos, 2009). So, agility assessment is a method that 
aims to find out how well agile practices fit into the organization; what are the changing 
requirement in order to adopt a certain agile practices, and what agile practices would be useful 
for the company. It analyzes both, the agile and plan-driven practices, tools and methods those 
are currently used in an organization. 
In this research, understanding of measures and metrics for agility evaluation starts with FA 
technique. The context factor analysis gives a starting point for realizing important agile 
dimensions which in turn facilitates in-depth motivation for agility assessment. The required 
practices for agility measurement tool design have been identified through brief literature review. 
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A conceptual model has been proposed in a hierarchical structure with respect to related agile 
practices. The said practices in the proposed model have been examined based on a 
questionnaire; followed by statistical analysis conducted in the later stage. These practices have 
been prioritized and agility assessment has been carried out on the base of selected agile 
practices. This study develops a construct for agility evaluation in a particular Indian automobile 
part manufacturing firm located at eastern part of India. Now-a-days, automotive manufacturing 
industry is characterized by excessive capacity, low profitability, rigid production structures and 
overextends product ranges (Wad, 2009). They must implement and maintain a high degree of 
agile practices due to competitive market and customer pressure. 
 The approach reveals the practices which needs urgent improvement as these are important 
towards agility measurement in order to achieve edge over competitors. Such a tool would help 
the decision-makers (DMs) and company managers to assist them achieving their enhanced 
agility level.   
  
2.2.3 Understanding of State of Art 
Agile manufacturing (AM) is described as new tactics of manufacturing. It emerged after Lean 
Production (LP). It represents pattern shifts from mass production (MP). It originated from the 
21stcentury manufacturing enterprise study that was conducted at Lehigh University in the early 
1990s (Groover, 2001). Following that, a book entitled “Agile Companies and Virtual Enterprise” 
recognized as the state-of-the-art work on AM was published in 1995. According to Groover 
(2001),“agile manufacturing can be defined as: (1) an enterprise level manufacturing strategy of 
introducing new products into rapidly changing markets, (2) an organizational ability to thrive in 
a competitive environment characterized by continuous and sometimes unforeseen change”. 
Pham et al. (2008) defined agile manufacturing as the ability to thrive in a competitive 
environment of continuous unpredictable change and respond quickly to rapidly changing 
market driven by customer-based value of products and services. The international Cam-I 
(1998) addressed the capabilities of an enterprise to reconfigure itself quickly in response to 
sudden changes, but in ways that are cost effective, timely, robust, and of a broad scope. Agility 
theory seeks to provide matrices for business processes, physical operations, and human 
resources to respond to rapid and unpredictable changes. 
Agile companies tend to reveal the following agile principles: (1) rapid configuration of resources 
to meet dynamic change of market opportunities; (2) managerial personnel needs and 
knowledge should be distributed to all level of enterprise on trust base; (3) building business 
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relationships to effectively enhance competitiveness; (4) considerable attention on innovation 
and entrepreneurship should be highly considered; (5) considerable attention on the value of 
solutions to customers‟ problems rather than on the product cost and price. 
The Agile Supply Chain (ASC) is an operational strategy, which aims on inducing speed and 
flexibility in a supply chain (Song et al., 2007). Gunasekaran (1998, 1999) described agile 
manufacturing as „„the capability to survive and prosper in a competitive environment of 
continuous and unexpected change by reacting quickly and effectively to changing markets, 
driven by customer-designed products and services‟‟. Goldman et al. (1995) presented a slightly 
different definition, with agile manufacturing. In fact, it allows companies to operate profitably in 
a competitive environment of continually and unpredictably changing customer opportunities. 
Some of the conditions in which an agile approach is best suited can be described by the 
following characteristics: (i) short life cycle products; (ii) high product variety in the face of 
unpredictable demand; (iii) small volumes and higher profit margins; (iv) competition based on 
product specification. With this agility, the supply chain more frequently operates in a global 
context and there is an increasing trend to outsource the supply and manufacturing overseas 
through a complex supply network (Prater et al., 2001; Masson et al., 2007; Storey et al., 2005) 
to reduce costs. 
In the rapidly changing and continuously fragmenting global market environment, agile potential 
of organizations is influenced by the surrounding circumstances causing agility drivers vary from 
one company to another. Consequently, the concept of change is different in different business 
environments (Shahraki et al., 2011). The objectives also differ from organization to 
organization as it affects business including different ways and rules to compete in the market, 
new methods of market penetration. The operation styles of industries also vary. Therefore, 
strategic plan of the industries becomes highly diversified.  
To demonstrate the variety that exist and summarizing key agile characteristics, a valid suitable 
candidate solution is indeed required for measuring organizational agility. It is postulated that 
any practical agility metric should provide a situation-oriented specific measurement by taking 
into account the particular characteristics of the system/enterprise under study; and allow for 
comparisons among different installations (Tsourveloudis and Valavanis, 2002). 
The primary contribution of this paper is to develop successfully a hypothetical structural agility 
model by understanding and proper alignment of various agile dimensions. The hypothetical 
structured model has been analyzed quantitatively to generate a best-fit model. There is 
predominant need for developing a model validated by experimental basis, to know either it is to 
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be fitted suitably to the particular organization and can measure agility extent through this 
model. 
The present work attempts to develop a realistic tool/model to provide industrial sectors for 
better understanding of the total concept of agility, determining agility needs, assessing current 
agile practices, determining the capabilities required to become agile. In order to define effective 
variables (dimensions) on organizational supply chain agility, on the basis of a conceptual 
model, a questionnaire has been compiled and the data obtained thereof, has been analyzed as 
a case study in a famous automobile sector located at eastern part of India. 
 
2.2.4 Factor Analysis 
Exploratory Factor Analysis (EFA) is a data/ variable reduction technique, which attempts to 
partition a given set of variables into groups of maximally correlated variables. Jupp (2006) 
defined it as a set of procedures used to simplify complex sets of quantitative data by analyzing 
the correlations between variables to reveal the small number of factors which can explain the 
correlations. Factor analysis (FA) helps convert a large number of variables into a smaller 
number of variables, called factors, which capture as much information as possible from the 
original data set (Parasuraman et al., 2004). It is one of the multi-variable methods in which all 
depended variables is considered and it tried to categorize a lot of variables in several factors 
(Mashayekhi et al., 2011). As an interdependence statistic tool, FA is based on three main 
assumptions (Jolliffe, 2002): 
1. Variables are linearly related to each other, 
2. Data are interval scaled, 
3. The rating given to any one variable (called factor loading) is partially the result of the 
influence of other variables. 
Depending on the purpose of factor analysis, Principal Component Analysis (PCA) or Common 
Factor Analysis (CFA) is generally used as analysis model. The former is applied when a survey 
purposes to reduce a large number of initial variables into a possibly small number of variables 
for forecasting while the latter is used when a survey aims to find out correlations among 
variables (Parasuraman et al., 2004). For selecting suitable variables one of the correlation 
methods is calculating the correlation matrix. These correlation matrixes show the relation 
between variables and lack of relations with others. KMO (Kaiser-Meyer-Olkin measure of 
sampling adequacy) method can be used for suitable determination and reorganization of data 
output. There are different factor relations methods like Varimax, Oblimin, Quartimax, Equamax 
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and Promax that can be used in this factor analysis. But maximum likelihood of factor analysis is 
being performed by Varimax rotation. 
Explanatory Factor Analysis (EFA) can be used enormously in various sectors, various cross 
cultural studies. Debata et al. (2012) has developed a construct for medical tourism service 
quality in India using factor analysis technique. The various practices for current occupational 
health and safety (OHS) standards in industries were extracted using factor analysis (Beriha et 
al., 2011). The factor analysis technique also used in industrial sector other than social 
sciences. Ebiringa (2011) applied factor analysis method to find an optimal-mix of interactive 
factors that would optimize the result of decision to apply information communication technology 
(ICT) to manufacturing processes. For the location decision of new manufacturing plant and 
discovering an industrial cluster in Japan, an exploratory factor analysis was performed 
(Kadokawa, 2011). Zakuan et al., (2010) found out a seven-factor measurement model for TQM 
constructs which was a good fit and the model was valid and reliable for Malaysia and Thailand 
automotive industries. Rad et al. (2011) proposed FA technique to identify the most effective 
activities for selecting a supplier. They aim was to introduce an application of factor analysis for 
illuminating and classifying supplier selection activities. In the present context, EFA technique 
has been explored in order to identify the most effective dimensions (factors) towards assessing 
agility. 
In the current research, using SPSS Software Package (Version 16.0) and exploring principal 
components analysis estimation method, Varimax factor rotation and KMO method (suitable 
recognition and determination of data output), factor analysis has been performed. 
 
2.2.5 Case Study 
By library and field researches for determining effective factors explaining organizational agility, 
the conceptual model has been prepared and considered as an analysis base. Critical analysis 
of literature reveals a gamut of dimensions and variables responsible for various agile practices 
in Indian industries. The main objective of this study is to explore effective factors on 
organizational agility by surveying construct validity of the conceptual organizational agility 
model through statistical analysis.  
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1 Questionnaire Survey  
To define the effective variables on organizational agility, on the base of the conceptual model, 
a questionnaire has first been compiled. Firstly eight different questionnaire drafts have been 
developed. The preliminary questionnaires have been pilot tested. 
a. Pilot testing has been conducted before the questionnaire has been used for actual data 
collection; the eight different questionnaire set have been tested and validated to assure 
understanding and meanings of presented concepts, clarity of statements, and 
adequacy of the representation of the basic variable categories. Such verification 
process has been made through the advisors with research background, chief executive 
managers and quality management experts of industry included in this study. Based on 
the result from the pilot test, four questions have been omitted from the questionnaire. 
b. The selected questionnaires have been reviewed by managers of several industrial 
companies, extensive literature review, production managers, quality engineers, 
consultants. 
c. In the third stage, a concrete questionnaire set has been finalized. This process has 
been continued until all questions in the four questionnaires are unambiguous, 
appropriate and acceptable to respondents concerned with the implementation. It 
consisted of five-point Likert scale anchored at (1) „Very Low‟, (2) „Low‟, (3) „Medium‟, (4) 
„High‟, and (5) „Very High‟ (Table 2.8). 
 
2 Data Collection  
As a case study this survey has been conducted in an Indian automobile industry, one of the 
largest automotive manufacturing companies in eastern part of India. 
The questionnaire used in this study has been distributed to employees including production 
managers, quality engineers, and workers. Respondents have been requested to indicate their 
level of perception for each item. The questionnaire of this study has been designed on the 
basis of Multi-Dimension Measurement. It uses a 5-point Likert Scale to measure each answer 
with 5 being “Very High” and 1 being “Very Low” (Yang and Li, 2002; Tseng and Lin, 2011). A 
higher point represents a higher degree of agreement, and vice versa. The survey has been 
conducted through different modes of collecting responses over a period of four months (March 
2012–June 2012). Therefore, questions need to be exceptionally clear and easy to respond for 
this type of questionnaire successfully. The researcher themselves conducted the interview. A 
total of 375 questionnaires have been sent and 335 responses (89%) have been received. 
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Responses have been screened based on completeness, rational scoring and adherence to 
scale and finally, 325 responses (86%) have been considered for further analysis. 
 
3 Results and Discussions  
The useful data have been filtered out for further statistical analysis to meet the research 
objectives. In this study, exploratory factor analytical techniques (EFA) have been adopted to 
assess the significant entities/dimensions affecting agility of the said organization. 
The Factor Analysis (FA) is a data and variable reduction technique, which attempts to partition 
a given set of variables into groups of maximally correlated variables (Rad et al., 2011). FA 
helps to convert a large number of variables into a smaller number of variables, called factors, 
which capture as much information as possible from the original data set (Parasuraman et al., 
2004). The useful responses have been tested to examine the validity and reliability of the scale 
to obtain a quantitative and statistically proven identification of the responses. Factor analysis of 
responses has been performed using SPSS 16.0. The factor analysis uses principal component 
extraction method followed by VARIMAX rotation. In the initial application, the number of 
variables has been reduced from 65 to 41. In the second application, these 41 variables have 
been classified under 13 dimensions based on their factor-loading score (Table 2.9). The items 
that failed to get loaded more than 0.6 (threshold) have not been considered for further analysis. 
They refer to the variables V1, V2, V5, V6, V9, V10, V12, V14, V17, V18, V19, V22, V26, V30, 
V36, V37, V38, V41, V42, V44, V56, V58, V60 and V61. 
Since Cronbach‟s alpha is usually suitable indicator for measuring reliability of measurement 
tool and internal consistency among its elements. Therefore, questionnaire reliability used in the 
research has been evaluated by alpha Cronbach.  The value of alpha for all dimensions has 
been obtained as 0.925, which has been found well above the acceptable value of 0.70 for 
demonstrating internal consistency of the established scale (Nunnally, 1988). 
Collected data have been analyzed using PCA of factor analysis (Lee and Lee, 2011). Principal 
Component Analysis (PCA) is a technique, which reduces the number of variables with an 
attempt to eliminate the interrelated variables by transforming the system into a smaller system 
with fewer number of correlated variables called principal components (PCs)/or factors (Jolliffe, 
2002; Tziakas et al., 2007). Factor values need to be rotated in order to interpret the solution set 
more easily (Ocal et al., 2007). After factor rotation, variables need to be loaded maximally to 
only one factor and minimally to the remaining factors (Field, 2005). Percentage of total 
variance explained has been obtained as 61.7%, which has been found acceptable for the 
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principal component VARIMAX rotated factor-loading procedure (Johnson and Wichern, 2002). 
The Kaiser–Meyer–Olkin (KMO>0.6) and Bartlett‟s test of sphericity (p < 0.05) statistics have 
been used to test empirically whether the data have been likely to factor well (Bikker and 
Thompson, 2006; Kaiser, 1974). The value of KMO has been found to be 0.650; hence it has 
been concluded that the matrix has not suffered from multi-co linearity or singularity. The result 
of Bartlett‟s test of sphericity has showed that it is highly significant (sig. = 0.000), indicating that 
the factor analysis is correct and suitable for testing multidimensionality (Othman and Owen, 
2001). Therefore, statistical tests have showed that the dimensions of instruments have been 
seemed likely to factor well and the questionnaire has been made multi-dimensional. 
The instrument consists of 41 variables that have been classified into 13 dimensions defined as: 
Cross Border Collaboration, Information Management Agility, Product Design Flexibility, Re-
configurability of Manufacturing System, Agility in Institutional Framework, Production 
Organizing Agility, Team Building Agility, Customer Demand Information Agility, Product Design 
Speed, Speed of Manufacturing, Manufacturing Flexibility, Inter-Organization Co-ordination and 
Speed of Information shown in Table 2.10.  
Table 2.11 shows the percentage of variation explained by factor analysis with VARIMAX 
rotation. Cross border collaboration has been found to be the most important factor, whereas 
Speed of information, the least important factor. 
Cross border collaboration and Information management agility are the crux which affects most 
of the agility factors of a manufacturing industry followed by Product design flexibility, Re-
configurability of manufacturing system and Agility in institutional framework. Production 
organizing agility etc. is the sixth ranked factor followed by Team building agility, Customer 
demand information agility. The path to agile manufacturing paradigm can be paved by Product 
Design speed and Speed of manufacturing which play important role in agile concept 
deployment whereas, Manufacturing flexibility, Inter-organization co-ordination and Speed of 
information occupied the bottom of the pyramid but still has some say for implementing agile 
manufacturing concept.  
The mean of the loaded variables for the responses has been indicated in Fig. 3.3. It has been 
found that V34 (Displacement compatibility) has the highest average mean value of 4.4 followed 
by V35 (Displacement of process variety) with Average Mean Value 4.26. Therefore, 
displacement compatibility plays important role for agile approaches. It helps to enhance re-
configurability of manufacturing system. It is necessary for grouping of parts and products into 
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families to reduce work-in-process variety and shorten set-up time at the time of reconfiguring 
the manufacturing enterprise. This is followed by V20 (The serrating degree of the product) and 
V65 (Utilization of electronic data exchange system (EDI)) with same average mean 4.23.The 
serrating degree of the product is the most important form of standardization as requirements of 
product personalization. Owing to the highly developed material products seriation are paid 
more attention towards enterprise competition. By utilizing electronic data exchange system the 
information about market condition and the operational data can speedily be transmitted which 
enables the organization to sustain in the competitive market scenario. The least average mean 
has been found to be 3.30 for V4 (Frequency of enterprise modeling).The Enterprise Modeling 
is the representation of a part or of the set of enterprise at a global level. It allows describing the 
running of the enterprise in terms of objectives, structure, functionalities, evolution and 
relationship with customers and suppliers. It supports in modeling of various new concepts as 
agile manufacturing, virtual enterprise or extended enterprise. 
 
2.2.6 Concluding Remarks 
Based upon the aforesaid study, different agile dimensions have been identified in relation to a 
case industry. The study exhibits existence of 41 different agile entities that can be adopted by 
industries/supply chain to enhance their market competitiveness. These entities have been 
categorized into thirteen impact areas namely, cross border collaboration, information 
management agility, product design flexibility, reconfigurability of manufacturing system, agility 
in institutional framework, production organizing agility, team building agility, customer demand 
information agility, product design speed, speed of manufacturing, manufacturing flexibility, 
inter-organization co-ordination and speed of information. In this study, all the agility practices 
have been loaded significantly on their corresponding constructs at the 0.06 level. This 
demonstrates a good-fit model. To achieve overall firm‟s agility, this model can be considered 
as a key tool. The results provide insights into the factors that influence the choice of the agile 
manufacturing strategies for improving operations, and the results that can be obtained. The 
organization can use this agile assessment procedure as a test kit for periodically monitoring 
existing agility level. This kind of agility assessment exercise would enable the organization to 
survive and grow in competitive business environment. The approach may enable improvement 
of strategic agile position of the said organization. The methodology adapted here can also be 
applied to manufacturing as well as service organizations with a view to make them agile. To 
the authors‟ knowledge, this is an empirical survey of agility using data from a large-scale Indian 
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industry. The model incorporates a wide perspective on entities related to agile manufacturing 
industry. 
The analysis requires much background information about the benefits of the agile methods, 
practices and tools in different situations. Therefore, a high quality agile toolbox would help in 
future agile assessments. 
Apart from understanding and aligning agile dimensions, research can be extended to compute 
agility extent for the said enterprise. The computed agility degree (agility index) may be 
compared with predefined agility measurement scale to assess organizational current agile 
scenario. The study may further be extended to identify and improve different agile barriers. The 
computed agility index may be utilized for benchmarking of agile enterprises which is highly 
important in managerial context. Attempts have been made to address aforesaid issues in next 
subsequent chapters.      
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Table 2.8: Questionnaire: Perception of industry personnel: Assignment of performance rating against 3rd level evaluation indices     
Scale to be used: 5 Member Linguistic Scale: Very High (VH), High (H), Medium (M), Low (L), and Very Low (VL) 
1st Level Index 2nd Level Index 3rd Level Index Ratings  
Organization management 
agility 
Agility in institutional 
framework 
Existence of a well-defined system architecture to 
promote agility 
 
Establishing a physically distributed manufacturing 
architecture precisely in a stable state 
 
Ability to rapidly set up the entire organization adaptable 
to new method of operation  
 
Frequency of enterprise modeling  
Adaptability of best practices in other organizations by 
benchmarking 
 
Application of business process reengineering (BPR) for 
reinventing and reengineering the organization 
 
Good housekeeping practices  
Team building agility Speed of the team building  
Formation of team across company borders  
Use of interdisciplinary teams by organizing themselves 
to take the advantages of market opportunities 
 
Empowerment of personnel to resolve customer and 
process related problems 
 
Production organizing 
agility 
Adoption of concurrent engineering (CE)  
Identification of market for new products  
Degree of innovation and new product development 
(NPD) techniques that calls for uniqueness and novelty in 
the product 
 
Degree of automation applied to manufacturing.   
Degree of automation in inspection system  
Product design agility Product design flexibility Management‟s interest towards evolving new product 
models 
 
Extent of inculcation of innovation into product design  
Degree of recycling orientation during product design  
The serating degree of the product  
Degree of standardization of the commodity  
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Speed at which suppliers are being developed for new 
products 
 
Similarity of product structure  
Preparedness of the management to invest on latest 
design techniques like RP and CAD/CAM 
 
Products incorporated with modular design  
Customer demand 
information agility 
Swiftness in obtaining demand information  
Extent of customer satisfaction orientation  
The proportion of information processing time in product 
period 
 
Product design speed Time for product development cycle time  
Design selection that minimizes the no. of parts  
Design lead time  
Processing manufacture agility Reconfigurability of 
manufacturing system 
Capacity of packaging the integrated unit in a modular 
fashion 
 
Supplement tool displacement  
Displacement compatibility  
Displacement of process variety  
Design for manufacturing and assembly  
Speed of manufacturing Period of both inter-lot and in-lot set up time  
Speed of material handling systems  
Leadership in the use of current technology  
The overall period of product manufacture  
The proportion of manufacture period in products period  
Manufacturing flexibility Flexible material handling equipment  
The universal degree of equipment  
The scalable degree of equipment  
Flexibility of equipment   
Partnership formation 
capability 
Inter-organization 
coordination  
Degree of enterprise integration  
Degree of cooperation with other enterprise  
Reliable network of suppliers  
Adoption of SCM concepts for enhancing the outsourcing 
efficieny 
 
Cross-border collaboration Strategic relationship with customers  
Speed of development of products jointly with other  
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companies 
Trust based relationship  
Speed of partnership formation  
Formation of virtual manufacturing enterprise (VME)  
Integration of information 
system 
Information management 
agility 
Interoperability and networking   
Ability to exchange information  
Utilizing artificial intelligence (AI) with computer aided 
design 
 
Correctness and accuracy of data  
Maintenance information system  
Companywide integration of information system  
IT application to eliminate paper work  
Adoption of multimedia technology  
Speed of information 
sharing 
Information and network utilization rate  
Utilization of electronic data exchange system (EDI)  
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Table 2.9: Factor loading scores 
Variables Variable No. F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 
Strategic relationship with customers V50 0.695             
Speed of development of products 
jointly with other companies 
V52 0.763             
Trust based relationship V52 0.784             
Speed of partnership formation V53 0.764             
Collaboration among partners V54 0.630             
Formation of virtual manufacturing 
enterprise (VME) 
V55 0.708             
Ability to exchange information V57  0.658            
Correctness and accuracy of data V59  0.675            
IT application to eliminate paper work V62  0.652            
Adoption of multimedia technology V63  0.639            
The serating degree of the product V20   0.645           
Degree of standardization and 
commonality 
V21   0.616           
Similarity of the product structure V23   0.646           
Preparedness of the management to 
invest on latest design techniques like 
RP and CAD/CAM 
V24   0.619           
Products incorporated with modular 
design 
V25   0.655           
Capability of packaging the integrated 
unit in a modular fashion 
V32    0.688          
Supplement tool displacement V33    0.617          
Displacement compatibility V34    0.693          
Displacement of process variety V35    0.716          
Ability to rapidly set up the entire 
organization adaptable to new method 
of operation 
V3     0.610         
Frequency of enterprise modeling V4     0.641         
Good housekeeping practices V7     0.655         
Identification of market for new 
products 
V13      0.646        
Degree of automation applied to 
manufacturing 
V15      0.635        
Degree of automation in inspection V16      0.674        
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systems 
Speed of the team building V8       0.693       
Empowerment of personnel to resolve 
customer and process related 
problems 
V11       0.701       
Extent of customer satisfaction 
orientation 
V27        0.700      
The proportion of information 
processing time in product period 
V28        0.796      
Time for product development cycle 
time 
V29         0.644     
Design lead time V31         0.710     
Leadership in the use of current 
technology 
V39          0.664    
The overall period of product 
manufacture 
V40          0.640    
The universal degree of equipment V43           0.769   
Equipment flexibility V45           0.672   
Degree of cooperation with other 
enterprise 
V47            0.753  
Reliable network of suppliers V48            0.754  
Information and network utilization 
rate 
V64             0.636 
Utilization of electronic data exchange 
system 
V65             0.618 
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Table 2.10: Dimensions of agility 
Dimensions Variables Variable No. 
Cross boarder collaboration Strategic relationship with customers V50 
Speed of development of products jointly with other companies V52 
Trust based relationship V52 
Speed of partnership formation V53 
Collaboration among partners V54 
Formation of Virtual Manufacturing Enterprise (VME) V55 
Information management agility Ability to exchange information V57 
Correctness and accuracy of data V59 
IT application to eliminate paper work V62 
Adoption of multimedia technology V63 
Product design flexibility The serating degree of the product V20 
Degree of standardization and commonality V21 
Similarity of the product structure V23 
Preparedness of the management to invest on latest design techniques like RP 
and CAD/CAM 
V24 
Products incorporated with modular design V25 
Reconfigurability of the 
manufacturing system  
Capability of packaging the integrated unit in a modular fashion  V32 
Supplement tool displacement V33 
Displacement compatibility V34 
Displacement of process variety V35 
Agility in institutional framework Ability to rapidly set up the entire organization adaptable to new method of 
operation 
V3 
Frequency of enterprise modeling V4 
Good housekeeping practices V7 
Production organizing agility Identification of market for new products V13 
Degree of automation applied to manufacturing V15 
Degree of automation in inspection systems V16 
Team building agility Speed of team building V8 
Empowerment of personnel to resolve customer and process related problems V11 
Customer demand information 
agility 
Extent of customer satisfaction orientation V27 
The proportion of information processing time in product period V28 
Product design speed Time for product development cycle time V29 
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Design lead time V31 
Speed of manufacturing Leadership in the use of current technology V39 
The overall period of product manufacture V40 
Manufacturing flexibility The universal degree of equipment V43 
Flexibility of equipment V45 
Inter-organization cooperation Degree of cooperation with other enterprises V47 
Reliable network of suppliers V48 
Speed of information Information and network utilization rate V64 
Utilization of electronic data exchange system  V65 
 
 
Table 2.11: Percentage of variation explained by factor analysis 
Dimensions Percentage of commonality variance explained Ranking order 
Cross boarder collaboration 8.57 1 
Information management agility 6.91 2 
Product design flexibility 5.81 3 
Reconfigurability of manufacturing system 5.50 4 
Agility in institutional framework 4.54 5 
Production organizing agility 4.49 6 
Team building agility 4.40 7 
Customer demand information agility 4.31 8 
Product design speed 3.86 9 
Speed of manufacturing 3.81 10 
Manufacturing flexibility 3.42 11 
Inter-organization cooperation 3.27 12 
Speed of information 2.81 13 
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Fig 2.3: Average perception of agile entities 
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Development of agility 
appraisement modules in 
INDUSTRIAL supply chain 
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3.1 Agility Appraisement in Fuzzy Context 
This section attempts to develop different agility appraisement modules in fuzzy environment. 
Incorporation of the theory of Generalized Fuzzy Numbers (GFNs), Interval-Valued Fuzzy 
Numbers (IVFNs) set theory has been presented here to facilitate agility appraisement decision-
making. 
    
3.1.1 Agility Appraisement using GTFNs 
3.1.1.1 Overview 
The objective of this part of study is to contribute important insights to the extant body of 
knowledge in Agile Supply Chain (ASC). An approach based on Generalized Trapezoidal Fuzzy 
Numbers (GTFNs) set has been adopted for agility appraisal in supply chain. An Agile Supply 
Chain (ASC) is frequently considered as a stimulant for dominant competitive advantage. 
Complexity and vagueness involved in agility evaluation process must be considered precisely 
for agility estimation for an ASC system. Fuzzy set theory has been efficiently explored in order 
to assess the contributions of complicated agility capabilities in an ambiguous fuzzy 
environment. Application of the said approach as a Decision Support System (DSS) evidently 
would help the management practitioners to conduct gap analysis between existing agility level 
and the desired one; and also provides reliable information for decision-making.  
 
3.1.1.2 State of Art Understanding and Problem Formulation 
Supply Chain Agility is an operational strategy focused on inducing velocity, flexibility, and 
responsiveness in the supply chain. A supply chain is the process of forwarding goods from the 
customer order through the raw material stage, supply, production, and distribution of products 
to the customer side. All organizations follow supply chains of varying degrees, depending upon 
the volume of the organization and the type of product being manufactured. These networks 
obtain supplies and components, transform these materials into finished products and then 
distribute them to the customer [Source: http://rockfordconsulting.com/supply-chain-agility.htm] 
The Agility Forum (1994) has defined ‘agility’ as the ability of an organization to thrive in a 
continuously changing, unpredictable business environment. Simply put, an agile firm has 
designed its organization, processes and products such that it can respond to changes in a 
useful time frame. 
Edmund et al. (2001) reported that despite the obvious benefits of agility, firms that operate in 
complex environments such as international markets face challenges in implementing the 
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measures necessary to increase their agility. These challenges stem from the expense 
associated with the complex operations and management structures necessary to support the 
desired attributes. Moreover, it may be difficult for this firm to promptly react to changes in 
demand. Hence, unless the firm is willing to significantly increase it’s administrative and logistics 
costs (e.g. for coordinating all parts of its value and supply chains), it may be forced to take 
counter-agile actions in order to remain competitive, and limit its vulnerability in the marketplace. 
The authors proposed a theoretical construct linking elements of uncertainty with aspects of 
agility, pointing out the two-edged nature of the requisite capabilities. Yusuf et al. (2004) 
discussed the nature of an agile supply chain and explored some of its attributes and 
capabilities. The attributes included internet based collaboration, a significant amount of sales 
turnover and profit from virtual business, open leverage of capabilities within networks of 
companies and manufacturing, rather than outsourcing and marketing alliances. Kumar et al. 
(2006) developed a conceptual framework for implementing and managing supply chain 
flexibility in supply chain organizations. The framework suggested that supply chain flexibility 
should be implemented and managed using a three-stage approach: required flexibility 
identification, implementation and shared responsibility, and feedback and control. 
Apart from selecting agile criteria and developing conceptual framework (Ramesh and 
Devadasan, 2007; Sherehiy et al., 2007; Giachetti et al., 2003) to model agile supply chains; the 
degree of agility that the AMS possess has been viewed as a major area of concern. A strong 
mathematical background is indeed required to assess and estimate agility extent. This may 
help the industries to understand the status of present agile practices, identification of agile 
barriers and finding scope for future improvement. Agility index may also help for benchmarking 
of agile industries. Unfortunately, no measurement scale exists to reflect the complexity of this 
phenomenon (Audrey, 2011). 
‘Agility’ being a hypothetical concept exclusively subjective in nature; proper (numeric) data 
cannot be obtained against evaluation criterions related to priority weight as well as 
performance rating. Thus, to convert a subjective managerial aspect into a logical mathematic 
base, application of fuzzy logic has been proposed. The use of fuzzy numbers (instead of Likert 
scale) against inconsistent information is advantageous. The evaluation module proposed here 
has been based on well-established equations (Lin et al., 2006a, b) already available in 
literature.  
Most of the agility measurements are described subjectively by linguistic terms, which are 
characterized by ambiguity and multi-possibility. Thus, the scoring of the existing techniques 
can always be criticized, because the scale used to score the agility capabilities has limitations. 
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There is no methodology and tools for introducing and implementing such a complex and 
dynamic interactive system which incorporate both quantitative and qualitative attributes as 
agile supply chains (Lin et al., 2006a, b). In this context, Fuzzy logic provides a useful tool to 
deal with problems in which the attributes and phenomena are imprecise and vague in nature 
(Zadeh, 1965). 
During agility evaluation, frequently the data cannot be analyzed by standard statistical 
methods, either because there are numerous missing records, or because the data are in the 
form of qualitative rather than quantitative measures. 
In many cases, the information contained in these databases is undervalued and underutilized 
because the data cannot be easily accessed or analyzed. Some databases have grown so large 
that even the system administrators do not always know what information might be represented 
or how relevant it might be to the questions at hand. Data sets commonly contain some 
uncertain, particularly incompleteness and inconsistency. One example is a distributed 
information environment, where data sets are generated and collected from different sources, 
and each source may have different constraints. This can lead to different interrelationships 
among the items, thus imposing vagueness on the data set. Recent years have witnessed many 
efforts on discovering fuzzy associations, aimed at coping with fuzziness in knowledge 
representation and decision support process. Therefore, the necessity of applying Fuzzy Logic 
in data mining is due to the following (Yanfang and Fu, 2008): 
1. One is that fuzziness is inherent in many problems of knowledge representation, and the 
other is that high-level managers or complex decision processes often deal with 
generalized concepts and linguistic expressions, which are generally fuzzy in nature. 
2. Moreover fuzziness may prevail in many other association cases in which impression, 
matching, similarity, implication, partial truth or the like is present. 
3. The modeling of imprecise and qualitative knowledge, as well as the transmission and 
handling of uncertainty at various stages are possible through the use of fuzzy sets. 
4. Fuzzy logic is capable of supporting to a reasonable extent, human type reasoning in 
natural form. 
Jain and Benyoucef (2008) presented an approach to model agility and introduced Dynamic 
Agility Index through fuzzy intelligent agents. The proposed approach concentrated on the 
application of linguistic approximating, fuzzy arithmetic and agent technology was developed to 
address the issue of agility measuring, stressing the multi-possibility and ambiguity of agility 
capability measurement. They applied Fuzzy Association Rule Mining incorporating fuzzy 
framework coupled with rules mining algorithm to support the decision makers by enhancing the 
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flexibility in making decisions for evaluating agility with both tangibles and intangibles 
characteristics. Yang and Li (2002) suggested the establishment of an agility evaluation index 
system of mass customized (MC) product manufacturing based on the characteristics of MC 
product manufacturing as well as the requirements of agility manufacturing.  
Tsourveloudis and Valavanis (2002) proposed, a knowledge based framework for the 
measurement and assessment of manufacturing agility. In order to calculate overall agility of an 
enterprise, a set of quantitatively defined agility parameters were proposed and grouped into 
production, market, people and information infrastructures. The combined, resulting, measure 
incorporated the individual and grouped infrastructure agility parameters and their variations into 
one calculated value of the overall agility. The necessary expertise used to quantitatively 
determine and measure individual agility parameters was represented via fuzzy logic 
terminology that allows for human-like knowledge representation and reasoning.  
Lin et al. (2006a, b) developed a fuzzy agility index (FAI) based on agility providers using fuzzy 
logic. This evaluation demonstrated that the method could provide analysts with more 
informative and reliable information for decision-making. Tsai et al. (2008) used fuzzy-logic 
Quality Function Deployment (QFD) approach in order to align agile drivers, capabilities and 
providers to achieve agility. Wang (2009) proposed a suitable agile system for implementing 
MC. He highlighted a MC manufacturing agility evaluation approach based on the concepts of 
TOPSIS through analyzing the agility of organization management, product design, processing 
manufacture, partnership formation capability and integration of information system. 
Seyedhoseini et al. (2010) developed an approach based on Adaptive Neuro Fuzzy Inference 
System (ANFIS) for measurement of agility in supply chain. The said procedure was efficiently 
been applied to a large scale automobile manufacturing company in Iran.  
Vinodh et al. (2010a; 2011) attempted to assess the agility level of an organization using a 
multi-grade fuzzy approach. During this research, an agility index measurement model 
containing twenty criteria incorporated with the multi-grade fuzzy approach was designed and 
proposals for enhancing the agility level of this company were derived. In another paper, 
(Vinodh et al.; 2010b) modeled a total agile design system (TADS) while implementing in a 
traditional manufacturing organization following mass production-based practices. A scoring 
model was used for measuring agility before and after implementation of TADS.  
Kaveh et al. (2011) proposed a hybrid approach in order to measure the relative efficiency of 
agility in supply chains. First, a conceptual model including capabilities and providers of agility in 
supply chains was represented. Then, a supply chain was made associated to a Decision 
Making Unit (DMU) which consumed providers of agility to produce capabilities of agility. Fuzzy 
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Data Envelopment Analysis (FDEA) was applied in their work. Yauch (2011) constructed a 
quantitative, objective metric for agility performance that assessed agility as a performance 
outcome, capturing both organizational success and environmental turbulence, and applicable 
to manufacturing organizations of all types. 
Tseng and Lin (2011) suggested an agility development method for dealing with the interface 
and alignment issues among agility drivers, capabilities and providers using the QFD 
relationship matrix and fuzzy logic. A Fuzzy Agility Index (FAI) for an enterprise composed of 
agility capability ratings and a total relation-weight with agility drivers was developed to measure 
the agility level of an enterprise.  
In the present study, extent of agility evaluation in supply chain has been viewed as a Multi-
Criteria Decision Making (MCDM) problem. Agile providers, agile criteria and agile attributes are 
interconnected in a logical manner and the degree of effective interaction enhances supply 
chain agility. Most of the agile criteria being qualitative in nature; the extent of successful 
performance of each individual criterion is judged by the experts called Decision-Makers (DMs) 
which may vary depending on individuals’ perception as well as viewpoint. Moreover, it 
becomes difficult for the DMs to assign exact numeric score against performance rating of 
various criteria-attributes. The degree of importance (priority weights) of various criteria also 
differs due to individuals’ discretion.  This kind of uncertainty in decision making process can 
fruitfully be tackled by using fuzzy logic. In exploration of fuzzy set theory in group decision-
making process, DMs personal opinion is expressed by linguistic variables which are further 
converted into corresponding fuzzy numbers. With the help of fuzzy arithmetic operations, 
aggregated criteria weight and corresponding criteria rating are combined to compute an overall 
agility assessment index.  
Previous researchers have adopted fuzzy based approaches in estimating fuzzy agility index. 
However, most of the cases, they used triangular fuzzy number (Lin et al., 2006a, b) and 
corresponding membership functions (MFs). In dealing with agility appraisal in SC, generalized 
trapezoidal fuzzy numbers may be explored. Not only agility evaluation, the criteria which affect 
adversely to enrich agility (anti-agile characteristics/ agile barriers) should be identified in which 
the supply chain must improve to uplift agility level. This requires the concept of fuzzy number 
ranking. Ranking methodologies of triangular fuzzy number have been well documented in 
literature and immensely applied in various decision-making arenas. Literature is seemed 
limited in addressing the procedure for ranking of trapezoidal fuzzy numbers. Motivated by this 
scope of research, the present study aims to develop a group decision-making procedural 
hierarchy based on generalized trapezoidal fuzzy numbers sets for agility index appraisement in 
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supply chain. Detailed methodology of the proposed approach has been illustrated while 
implementing in an empirical study to ensure considerable extent of reliability in such an 
evaluation process.     
 
3.1.1.3 Conceptual Model for Agility Measurement in Supply Chain 
During the past few years, supply chain agility has gained prominence as a competitive weapon 
in organizational supply chain management. Measurement of agility index is of prime 
importance to assess existing agility level, to identify various agile barriers and to change 
strategic concepts in order to improve agility. In this study, supply chain agility has been defined 
as a measure of the supply chain's ability to efficiently adapt to a rapidly changing competitive 
environment to provide quality products to the global marketplace. It has been assumed that 
supply chain agility may be determined mainly by four agile enablers (i) flexibility, (ii) 
responsiveness, (iii) competency, and (iv) cost (Jain and Benyoucef, 2008; Seyedhoseini et al., 
2010). Flexibility comprises of sourcing flexibility, manufacturing flexibility and delivery flexibility. 
Responsiveness is characterized by sourcing responsiveness, manufacturing responsiveness 
and delivery responsiveness components. Competency includes the following components: 
cooperation and internal-external balance, capabilities of human resource and manufacturing 
competency. Cost aspect includes sourcing cost, manufacturing cost and delivery cost. These 
sub components are called agile providers (attributes). Agile attributes are characterized by 
different agile criteria (Cooper, 1993; Sharifi and Zhang, 1999; Christopher and Towill, 2000; 
Agarwal and Shankar, 2002a, b; Swafford, 2006a, b). The model adopted in the present work 
has been presented in Table 3.1.   
 
3.1.1.4 The Concept of Generalized Trapezoidal Fuzzy Numbers (GTFNs) Set 
By the definition given by (Chen, 1985), a generalized trapezoidal fuzzy number can be defined 
as a vector shown below.  
( )AwaaaaA ~4321 ;,,,~ = , and the membership function ( ) [ ]1,0: →Rxa is defined as follows: 
( )
( )
( )
( )
( ) ( )








∞∪∞−∈
∈×
−
−
∈
∈×
−
−
=
,,,0
,,
,,
,,
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4
32~
21~
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1
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ax
aaxw
aaxw
aa
ax
xa
A
A
A
                                                                         (3.1)
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Here, 4321 aaaa ≤≤≤ and [ ]1,0~ ∈Aw
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.1 Generalized trapezoidal fuzzy number  
 
The elements of the generalized trapezoidal fuzzy numbers (Fig. 3.1)
 
Rx ∈ are real numbers, 
and its membership function ( )xa is the regularly and continuous convex function, it shows that 
the membership degree to the fuzzy sets. If ,11 4321 ≤≤≤≤≤− aaaa then A
~ is called the 
normalized trapezoidal fuzzy number. Especially, if ,1~ =Aw then A
~ is called trapezoidal fuzzy 
number ( );,,, 4321 aaaa if ,4321 aaaa <=< then A~ is reduced to a triangular fuzzy number. If
,4321 aaaa === then A
~ is reduced to a real number. 
Suppose that ( )awaaaaa ~4321 ;,,,~ = and ( )bwbbbbb ~4321 ;,,,~ = are two generalized trapezoidal 
fuzzy numbers, then the operational rules of the generalized trapezoidal fuzzy numbers a~ andb~
are shown as follows (Chen and Chen, 2009): 
( ) ( ) =⊕=⊕ ba wbbbbwaaaaba ~4321~4321 ;,,,;,,,~~  
( )( )ba wwbabababa ~~44332211 ,min;,,, ++++                                                                           (3.2) 
 
( ) ( ) =−=− ba wbbbbwaaaaba ~4321~4321 ;,,,;,,,~~  
A~  
( )XA~µ  
X  
Aw ~
 
Ax ~  
Ay ~
 
2a  1a  3a  4a  
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( )( )ba wwbabababa ~~14233241 ,min;,,, −−−−                                                                           (3.3) 
 
( ) ( ) =⊗=⊗ ba wbbbbwaaaaba ~4321~4321 ;,,,;,,,~~  
( )( )ba wwdcba ~~ ,min;,,,                                                                                                              (3.4) 
 
Here, 
( )44144111 ,,,min babababaa ××××=  
( )33233222 ,,,min babababab ××××=  
( )33233222 ,,,max babababac ××××=  
( )44144111 ,,,max babababad ××××=  
 
If 43214321 ,,,,,,, bbbbaaaa are real numbers, then 
( )( )ba wwbababababa ~~44332211 ,min;,,,~~ ××××=⊗  
( )( )ba wbbbb
waaaaba
~4321
~4321
;,,,
;,,,~/~ =  
( )( )ba wwbabababa ~~14233241 ,min;/,/,/,/=                                                                             (3.5) 
 
Chen and Chen (2003a, b) proposed the concept of COG point of generalized trapezoidal fuzzy 
numbers, and suppose that the COG point of the generalized trapezoidal fuzzy number
( )awaaaaa ~4321 ;,,,~ = is ( ),, ~~ aa yx then: 
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3.1.1.5 The Concept of Comparing and Ranking of Trapezoidal Fuzzy Numbers 
Ranking of fuzzy numbers play an important role in risk analysis, decision making, optimization, 
forecasting etc. Fuzzy numbers must be ranked before an action is taken by a decision maker. 
(Kumar et al., 2010) proposed a method for the ranking of generalized trapezoidal fuzzy 
numbers. The proposed approach was based on rank, mode, divergence and spread. This 
approach provides the correct ordering of generalized and normal trapezoidal fuzzy numbers. 
Moreover, the approach is very simple and easy to apply in the real life problems. 
 
As given by (Kumar et al., 2010), a trapezoidal fuzzy number ( )wdcbaA ;,,,~ = is said to be a 
generalized trapezoidal fuzzy number if its membership function is given by: 
 
( )
( )
( )
( )
( )






≤≤
−
−
≤≤
≤≤
−
−
=
.,
,
,
~
dxc
dc
dxw
cxbw
bxa
ab
axw
xAµ                                                                                                (3.7) 
 
Let ( )wdcbaA ;,,,~ =  be a generalized trapezoidal fuzzy number then, 
(i) ( ) ( )
4
~ dcbawA +++=ℜ   
(ii) ( ) ( )
2
~
mode cbwA +=  
(iii)  ( ) ( )adw −=A~divergence  
(iv) ( ) ( )abw −=A~spreadLeft  
(v) ( ) ( )cdw −=A~spreadRight  
Proposition 1: 
Let ( )11111 ;,,,~ wdcbaA = and ( )22222 ;,,,~ wdcbaB = be two generalized trapezoidal fuzzy 
numbers such that, 
(i) ( ) ( ),~~ BA ℜ=ℜ  
(ii) ( ) ( )BA ~mode~mode =  
(iii) ( ) ( )B~divergenceA~divergence = then 
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(a) ( ) ( ) 2211B~spreadLeftA~spreadLeft bwbwif >>  
(b) ( ) ( ) 2211B~spreadLeftA~spreadLeft bwbwif <<  
(c) ( ) ( ) 2211B~spreadLeftA~spreadLeft bwbwif ==  
All the results of Proposition 1 also hold for right spread. 
 
Proposition 2: 
Let ( )11111 ;,,,~ wdcbaA = and ( )22222 ;,,,~ wdcbaB = be two generalized trapezoidal fuzzy 
numbers such that, 
(i) ( ) ( ),~~ BA ℜ=ℜ  
(ii) ( ) ( )BA ~mode~mode =  
(iii) ( ) ( )B~divergenceA~divergence = then 
(a) ( ) ( ) ( ) ( )B~spreadRightA~spreadRightB~spreadLeftA~spreadLeft >> if  
(b) ( ) ( ) ( ) ( )B~spreadRightA~spreadRightB~spreadLeftA~spreadLeft << if  
(c) ( ) ( ) ( ) ( )B~spreadRightA~spreadRightB~spreadLeftA~spreadLeft == if  
Let ( )11111 ;,,,~ wdcbaA = and ( )22222 ;,,,~ wdcbaB = be two generalized trapezoidal fuzzy 
numbers then use the following steps to compare A~ and .~B  
 
Step 1: Find ( )A~ℜ and ( )B~ℜ  
Case 1: ( ) ( ) BABA ~~then~~If fℜ>ℜ   
Case 2: ( ) ( ) BABA ~~then~~If pℜ<ℜ   
Case 3: ( ) ( ) 2.steptogothen~~If BA ℜ=ℜ   
 
 
Step 2: Find ( )A~mode and ( )B~mode  
Case 1: ( ) ( ) BABA ~~then~mode~modeIf f>   
Case 2: ( ) ( ) BABA ~~then~mode~modeIf p<   
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Case 3: ( ) ( ) .3steptogothen~mode~modeIf BA =
 
 
Step 3: Find ( )A~divergence  and ( )B~divergence  
Case 1: ( ) ( ) BA ~~  thenB~divergenceA~divergence If f>   
Case 2: ( ) ( ) BA ~~  thenB~divergenceA~divergence If p<  
Case 3: ( ) ( ) 4steptogo  thenB~divergenceA~divergence If =
 
 
Step 4: Find ( )A~spreadLeft  and ( )B~spreadLeft  
Case 1: ( ) ( )B~spreadLeftA~spreadLeft >  
BAbwbw ~~then,i.e. 2211 f>  (From proposition 1) 
Case 2: ( ) ( )B~spreadLeftA~spreadLeft <  
BAbwbw ~~then,i.e. 2211 <<  (From proposition 1) 
Case 3: ( ) ( )B~spreadLeftA~spreadLeft =  
.5steptogothen,i.e. 2211 bwbw =  (From proposition 1) 
 
Step 5: Find 1w and 2w  
Case 1: BAww ~~thenIf 21 f>  
Case 2: BAww ~~thenIf 21 p<  
Case 3: BAww ~~~thenIf 21 =
 
 
 
However, this technique does not provide representative ranking value corresponding to a 
particular fuzzy number. Moreover, the method becomes tedious for comparing large fuzzy 
numbers set. Therefore, the study also explores the concept of ranking fuzzy numbers with 
‘maximizing set and minimizing set’ as documented in literature. According to Chen (1985), 
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Suppose there are n generalized fuzzy numbers
nAAA ...,,, 21 with trapezoidal membership 
functions ( ) ....,,2,1,;,,, niwdbacA iiiiii ==  
 
The trapezoidal membership function of generalized fuzzy number iA is given by: 
( )
( ) ( )
( ) ( )
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                                                                             (3.8)
 
 
The membership functions of maximizing set M and minimizing setG are given by, 
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Here ,infmin Sx = ,supmax Sx = ,1 ini SS =∪= ( ){ },0>= xfxS iAi ( ),sup xfw iAxi = .inf iww =
 
When ( )1=k the membership function is linear; ( )2=k the membership function is risk prone 
and 





=
2
1k the membership function is risk-averse. In general, these three cases cover the 
three types of preference-fair, adventurous, conservative-of human being (decision-maker).    
The total utility of iA computed as:
  
( ) ( ) ( ){ }2iUwiUiU GMT −+=
                                                                                                (3.11) 
 
(i) When 1=k  
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                                                                                                                                               (3.12) 
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(ii) When 2=k  
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(iii) When
2
1
=k  
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                                                                                                                                               (3.14) 
 
Based on total utility value TU fuzzy numbers can be ranked. The fuzzy number corresponding 
to maximum utility value is ranked ‘First’ and others are ranked accordingly in descending order 
of utility magnitude. Higher the value of utility, the better is the performance; so corresponding 
ranking position would be high.  
 
 
3.1.1.6 Procedural Framework 
Agility evaluation has been made by the procedural framework as described by (Vinodh et al., 
2011); with some modifications. This has been implemented in an empirical study. Results 
obtained thereof, have been analyzed, interpreted from managerial viewpoint and reported 
stepwise as follows. 
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1) Determination of the appropriate linguistic scale for assessing the performance 
ratings and importance weights of agile attributes 
The linguistic terms have been used to assess the performance ratings (fuzzy appropriateness) 
and priority weights of agile criteria as well as various agile attributes since it is difficult for the 
decision-makers to determine the numeric score against a subjective attribute. The linguistic 
scale used by (Wei and Chen, 2009) has been adopted in this study.  
 
In order to assess the performance rating of the agile attributes (in Grade-III) (Table 3.1), the 
nine linguistic variables {Absolutely Poor (AP), Very Poor (VP), Poor (P), Medium Poor (MP), 
Fair (F), Medium Good (MG), Good (G), Very Good (VG), Absolutely Good (AG)} have been 
used.  
 
In order to assess the importance weights (priority degree) of the agile attributes, the linguistic 
variables {Absolutely Low (AL), Very Low (VL), Low (L), Medium Low (ML), Medium (M), 
Medium High (MH), High (H), Very High (VH), Absolutely High (AH)} have been utilized. The 
linguistic variables have been assumed accepted among the DMs of the enterprise taking into 
consideration the company policy, company characteristics, business changes, supply network 
and competitive situation (Table 3.2). 
 
2) Measurement of performance ratings and importance weights of agile attributes using 
linguistic terms 
After the linguistic variables for assessing the performance ratings and importance weights of 
agile attributes has been accepted by the decision-makers (DMs), the decision-making team 
has been advised to utilize aforesaid linguistic scales to assess performance rating as well as to 
assign importance weights according to their perception (Appendix: Table 3.3 and Tables 3.4-
3.6). 
 
3) Approximation of the linguistic terms by generalized trapezoidal fuzzy numbers 
Using the concept of generalized trapezoidal fuzzy numbers set theory, the linguistic variables 
have been be approximated and the aggregated decision-making cum evaluation matrix has 
been constructed (Appendix: Tables 3.7-3.9). Aggregated fuzzy rating as well as aggregated 
priority weights have been determined based on the pooled opinion (average) provided by the 
decision-makers. 
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4) Determination of FAI 
FAI represents the fuzzy agility index (Lin et al., 2006). The fuzzy index has been calculated at 
the criterion level and then extended to enabler level. Fuzzy index at Grade III (refer Table 3.1) 
encompasses several agile criterions. The fuzzy index of Grade-II agile attribute has been 
calculated using the formula: 
( )
∑
∑
=
=
⊗
=
n
k
ijk
n
k
ijkijk
ij
w
Uw
U
1
1
                                                                                                              (3.15) 
Here ijkU represent performance rating and ijkw represent fuzzy weight for priority importance 
corresponding to agile criteria ,ijkC which is under ijC agile attribute. ijC is under the agile enabler
iC . .,...3,2,1 nk =  
The fuzzy index of Grade-I agile capability has been calculated as follows: 
( )
∑
∑
=
=
⊗
=
n
j
ij
n
j
ijij
i
w
Uw
U
1
1
                                                                                                                 (3.16) 
Here ijU represent performance measure and ijw represent fuzzy weight for priority importance 
corresponding to agile attribute ijC . .,...3,2,1 nj =   
Thus, overall fuzzy index ( )FAIU  has been calculated as follows: 
( )
( )
∑
∑
=
=
⊗
=
n
i
i
n
i
ii
w
Uw
FAIU
1
1
                                                                                                          (3.17) 
Here =iU Rating of thi agile capability iC ; =iw Weight of thi agile capability, and ni ,...3,2,1= . 
For this case study, using (Appendix: Tables 3.7-3.9) the value of FAI becomes = [0.75, 0.79, 
0.89, 0.93; 1.0] (Computation shown below).  
 
( )( )321332211 www
wUwUwUU ⊕⊕
⊗⊕⊗⊕⊗
=  
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( ) ( ) ( ){ }
( ) ( ) ( ){ }
( )
( )
( )0.1;93.0,89.0,79.0,75.0
0.1;88.2,81.2,57.2,43.2
0.1;67.2,50.2,05.2,83.1
0.1;99.0,97.0,91.0,86.00.1;89.0,84.0,68.0,62.00.1;00.1,00.1,98.0,95.0
0.1;90.0,84.0,69.0,61.00.1;82.0,75.0,57.0,49.00.1;95.0,91.0,79.0,73.0
=
=
⊕⊕
⊕⊕
=
 
 
5) Identification and analysis of obstacles for improvement 
Computed score of FAI may be matched with an appropriate agility level decided by the top 
management based on a predefined agility scale (extent of agility scale). After evaluating FAI 
and the existing supply chain’s agility level extent, simultaneously it is also felt indeed necessary 
to identify and analyze the obstacles (called agile barriers) for agility improvement. Therefore, 
the fuzzy agility appraisement system discussed above has been extended (Lin et al., 2006a, b; 
Vinodh and Devadarsan, 2011) to investigate on the weaker areas for improvement. In the 
present study the concept of comparison between two generalized trapezoidal fuzzy numbers 
(discussed in Section 3.1.1.5) has been utilized in order to compare various agile capabilities, 
and attributes according to their degree of performance (Table 3.10 and 3.11). Similarly, agile 
criterions (Grade III) can also be ranked. Because of large set of agile criterions, this 
comparison technique becomes cumbersome to the decision-makers and invites knowledge of 
computer programming to avoid adequate timing and confusion arising from manual 
comparison. Moreover, this technique is unable to provide any numeric ranking score. 
Therefore, the study explores the theory of computing utility value of fuzzy numbers by using 
maximizing as well as minimizing set. Based on the utility value of ‘Fuzzy Performance 
Importance Index’ (to be described in later stage) corresponding to individual agile criteria in 
Grade III; the appropriate ranking order has been determined (Table 3.12). By this procedure 
poorly performing areas have been identified as well.  
 
Performance ranking order is shown as follows (in descending order)  
 
( ) ( )
( ) 33132322221123121113
3242322221221132311213112211121331321
CCCCCCC
CCCCCCCCCCCCC
ffffff
ffffffffff
≈
≈≈
 
 
Apparently, it seems easy to rank various agile criterions (Grade III), agile attributes (Grade II) 
and agile capabilities (Grade I) in accordance with individual aggregated weighted fuzzy 
performance rating. In this approach, one may commit mistake towards estimating appropriate 
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ranking position of an agile criteria/attribute which is of high priority weight but possessing very 
poor performance rating. In order to avoid this risk and uncertainty; it has been recommended 
that agile criterions (at Grade III) ( )ijkC may be ranked based on the value ( )[ ]ijkijk wU Θ⊗ 1;1,1,1,1
instead of using ijkijk wU ⊗ straightforward. The term ( )[ ]ijkijk wU Θ⊗ 1;1,1,1,1 has been denoted as 
the Fuzzy Performance Importance Index (FPII). The higher the FPII of a factor, the higher is 
the contribution. Similarly, agile attributes (at Grade II) ( )ijC  are to be ranked based on the 
value ( )[ ].1;1,1,1,1 ijij wU Θ⊗   Agile capabilities (at Grade I) ( )iC can also be ranked based on the 
value ( )[ ].1;1,1,1,1 ii wU Θ⊗  Here the symbol Θ represents ‘minus’ operator.      
The FPII has been calculated as follows, at Grade III 
ijkijkijk UwFPII ⊗=
'
                                                                                                                (3.18) 
Here, ( )[ ]ijkijk ww Θ= 1;1,1,1,1'                                                                                                    (3.19) 
ijkw is the fuzzy importance weight of the agile criterion .ijkC  
FPII need to be ranked based on utility value TU  to identify individual criterion performance 
level. In doing so, poorly performing criterion can be identified (called agile barriers) and in 
future, attention must be paid to improve those criteria aspects in order to boost up agility 
degree.  
The supply chains should be improved on the weak areas in order to achieve desired level of 
agility. To achieve this, from management practitioners, employees, workers should motivate 
themselves; should reconsider the causes of various loopholes, should review and rectify the 
existing purchase policy, supplier management, material handling, inventory policy, work 
environment, floor shop management, R&D, process technical aspects etc. towards achieving 
satisfactory level of agility.  
 
3.1.1.7 Concluding Remarks 
Managerial decision-making process often experience uncertain-vague data which is really 
difficult to analyze. Fuzzy logic has the capability to overcome such imprecise linguistic human 
judgment. Supply chain agility, as a whole, is a conceptual philosophy difficult to structure and 
estimate an overall agility index mathematically. In this part of study, an effort has been made to 
establish a scientific mathematical background to quantify overall agility degree and to assess 
the extent of successful performance of the key elements that stimulate agility. The fuzzy based 
agility evaluation model presented here can be effectively implemented in industries supply 
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chain to attain competitive advantage in the marketplace. The advantages of the proposed 
model have been summarized as follows: 
 
1. Quantitative estimation of overall agility degree. 
2. Identification of agile barriers. 
3. Benchmarking of various agile enterprises based on Fuzzy Agility Index (FAI).       
Thus, proposed fuzzy based agility appraisement module aims to capture decision-makers’ 
subjective information in a logical manner to finally compute overall agility degree. If number of 
decision-maker is very large, manual computation of overall agility index is cumbersome. To get 
rid of this, software may be developed in which decision-makers can provide their information 
online and finally, overall agility index may appear as output of the program.          
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Table 3.1: Agility appraisement framework for integrated supply chain  
 
Goal Agile 
Capabilities/Providers 
(Grade I)
 
( )iU  
Agile Attributes (Grade II)
 
( )ijU  Agile Criteria (Grade III)
 
( )ijkU  
Supply 
Chain Agility 
( )U  
Flexibility ( )1U  Sourcing Flexibility ( )11U  Numerous available suppliers ( )111U  
Flexibility in volume ( )112U  
Flexibility in variety ( )113U  
Manufacturing Flexibility ( )12U  Flexible manufacturing system ( )121U  
CAM based manufacturing ( )122U  
Variety and volume of productions ( )123U  
Delivery Flexibility ( )13U  Variety of supply schedules for meeting customers’ needs ( )131U  
Flexibility in volume of product ( )132U  
Responsiveness ( )2U  Sourcing Responsiveness ( )12U  Adaptability of deliver time by suppliers ( )211U  
Suppliers’ delivery time ( )212U  
Supplier relation management ( )213U  
Manufacturing Responsiveness ( )22U  Time of establishment and changing parts ( )221U  
Responsiveness level to the market changes ( )222U  
Delivery Responsiveness ( )32U  Delivery Responsiveness ( )32U  
Competency ( )3U  Cooperation and internal-external 
balance ( )31U  
Cooperation and internal-external balance ( )31U  
Manufacturing competency ( )32U  New product introduce ( )321U  
Quality of products or services ( )322U  
Integration ( )323U  
Time of new product development ( )324U  
Capabilities of human resources ( )33U  Capabilities of human resources ( )33U  
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Table 3.2: Definitions of linguistic variables for criteria ratings and weights  
(A-9 member linguistic term set) 
 
Linguistic terms  
(Attribute/criteria ratings) 
Linguistic terms  
(Priority weights)  Generalized trapezoidal fuzzy numbers 
Absolutely Poor (AP) Absolutely Low (AL) (0, 0, 0, 0; 1.0) 
Very Poor (VP) Very Low (VL) (0, 0, 0.02, 0.07; 1.0) 
Poor (P) Low (L) (0.04, 0.1, 0.18, 0.23; 1.0) 
Medium Poor (MP) Medium Low (ML) (0.17, 0.22, 0.36, 0.42; 1.0) 
Medium (M) Medium (M) (0.32, 0.41, 0.58, 0.65; 1.0) 
Medium Good (MG) Medium High (MH) (0.58, 0.63, 0.80, 0.86; 1.0) 
Good (G) High (H) (0.72, 0.78, 0.92, 0.97; 1.0) 
Very Good (VG) Very High (VH) (0.93, 0.98, 1.0, 1.0; 1.0) 
Absolutely Good (AG) Absolutely High (AH) (1.0, 1.0, 1.0, 1.0; 1.0) 
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Table 3.10: Ranking order of agile capabilities at Grade I by comparing corresponding )(FPII   
 
iC  ( )[ ]ii ww −= 1;1,1,1,1'  iFPII )(  ℜ  Mode Divergence Left Spread Right Spread 
Performance 
Ranking 
Order 
1C  (0.00,0.00,0.02,0.05; 1) (0.00,0.00,0.02,0.05; 1) 0.0175 0.010 0.050 0.00 0.03 
231 CCC pp  2C  (0.11,0.16,0.32,0.38; 1) (0.09,0.14,0.29,0.35; 1) 0.2175 0.215 0.260 0.05 0.06 
3C  (0.01,0.03,0.09,0.14; 1) (0.01,0.02,0.08,0.13; 1) 0.060 0.050 0.120 0.01 0.05 
 
 
Table 3.11: Ranking order of agile attributes at Grade II (under each agile capability) by comparing corresponding )(FPII
 
 
iC  ijC  ( )[ ]ijij ww −= 1;1,1,1,1'  ijFPII )(  ℜ  Mode Divergence Left Spread Right Spread Performance Ranking Order 
 
1C  
11C  (0.02,0.06,0.16,0.21; 1) (0.02,0.05,0.15,0.20; 1) 0.105 0.100 0.180 0.030 0.050 
121113 CCC pp  12C  (0.18,0.24,0.40,0.46; 1) (0.11,0.16,0.34,0.41; 1) 0.255 0.250 0.300 0.050 0.070 
13C  (0.00,0.00,0.01,0.03; 1) (0.00,0.00,0.01,0.03; 1) 0.010 0.005 0.030 0.000 0.020 
 
2C  
21C  (0.00,0.00,0.02,0.05; 1) (0.00,0.00,0.02,0.05; 1) 0.0175 0.010 0.050 0.00 0.03 
222321 CCC pp  22C  (0.28,0.35,0.52,0.60; 1) (0.12,0.18,0.35,0.45; 1) 0.2750 0.265 0.330 0.06 0.10 
23C  (0.01,0.03,0.09,0.14; 1) (0.01,0.03,0.09,0.14; 1) 0.0675 0.060 0.130 0.02 0.05 
 
3C  
31C  (0.14,0.20,0.37,0.42; 1) (0.13,0.20,0.37,0.42; 1) 0.2800 0.285 0.290 0.07 0.05 
313233 CCC pp  32C  (0.02,0.06,0.16,0.21; 1) (0.02,0.05,0.15,0.20; 1) 0.1050 0.100 0.180 0.03 0.05 
33C  (0.00,0.00,0.01,0.03; 1) (0.00,0.00,0.01,0.02; 1) 0.0075 0.005 0.020 0.00 0.01 
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Table 3.12: Ranking order of agile criterions at Grade III by computing corresponding utility score
 
 
ijkC  ( )[ ]ijkijk ww −= 1;1,1,1,1'  ijkFPII )(  TU ( )1=k  Rank 
111C  (0.17,0.21,0.33,0.39; 1) (0.13,0.17,0.31,0.38; 1) 0.4432 4 
112C  (0.03,0.08,0.22,0.28; 1) (0.02,0.07,0.21,0.27; 1) 0.2751 7 
113C  (0.01,0.03,0.09,0.14; 1) (0.01,0.02,0.08,0.14; 1) 0.1304 12 
121C  (0.01,0.03,0.09,0.14; 1) (0.01,0.02,0.07,0.12; 1) 0.1159 13 
122C  (0.11,0.16,0.32,0.38; 1) (0.07,0.11,0.28,0.35; 1) 0.3694 5 
123C  (0.01,0.03,0.09,0.14; 1) (0.01,0.02,0.07,0.12; 1) 0.1159 13 
131C  (0.07,0.12,0.27,0.33; 1) (0.06,0.11,0.26,0.32; 1) 0.3482 6 
132C  (0.00,0.00,0.02,0.07; 1) (0.00,0.00,0.02,0.06; 1) 0.0500 16 
211C  (0.03,0.08,0.22,0.28; 1) (0.02,0.07,0.20,0.27; 1) 0.2716 8 
212C  (0.02,0.06,0.16,0.21; 1) (0.02,0.05,0.15,0.21; 1) 0.2117 9 
213C  (0.14,0.20,0.37,0.42; 1) (0.12,0.18,0.36,0.41; 1) 0.4812 3 
221C  (0.01,0.03,0.09,0.14; 1) (0.00,0.01,0.05,0.09; 1) 0.0837 14 
222C  (0.02,0.06,0.16,0.21; 1) (0.01,0.04,0.13,0.18; 1) 0.1814 10 
23C  (0.01,0.03,0.09,0.14; 1) (0.01,0.03,0.09,0.14; 1) 0.1406 11 
31C  (0.14,0.20,0.37,0.42; 1) (0.13,0.20,0.37,0.42; 1) 0.5030 2 
321C  (0.28,0.35,0.52,0.60; 1) (0.21,0.27,0.47,0.56; 1) 0.6485 1 
322C  (0.00,0.00,0.02,0.07; 1) (0.00,0.00,0.02,0.07; 1) 0.0573 15 
323C  (0.03,0.08,0.22,0.28; 1) (0.02,0.07,0.21,0.27; 1) 0.2751 7 
324C  (0.01,0.03,0.09,0.14; 1) (0.01,0.03,0.09,0.14; 1) 0.1406 11 
33C  (0.00,0.00,0.01,0.03; 1) (0.00,0.00,0.01,0.02; 1) 0.0175 17 
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3.1.2 Agility Appraisement using GIVFNs Set 
3.1.2.1 Overview 
Supply chain agility is the ability of the supply chain partner organizations to adapt quickly with the 
rapid changes in business environments. It requires an appropriate blending of coordination, 
communication and speed in procurement, inventory, assembly and delivery of products and 
services, as well as the return and re-use of materials and services. Supply chain agility also 
encompasses related human, financial and information capital flows across organizations that 
facilitate effective and efficient fulfillment of orders. Successful agile supply chains depend on a 
number of managerial issues such as organizational resistance to change, inter-functional conflicts, 
joint production planning, profit sharing, team oriented performance measures, shifts in channel 
power, information sharing, real time communication, and technical compatibility. Such issues are 
relevant to both manufacturing and service sectors. The objective of this part of work is to contribute 
important insights to the methodology of performance appraisement of agile supply chain. An 
approach based on Interval-Valued Fuzzy Set (IVFS) has been adopted for agility appraisal in 
supply chain. IVFS theory (Moore, 1966; Grattan-Guinness, 1975; Gorzalczany, 1987; Wang and li, 
1998; Karnik and Mendel, 2001; Grzegorzewski, 2004; Cornelis et al., 2006) has been efficiently 
explored in order to order to assess the contributions of various agility capabilities in an ambiguous 
fuzzy environment.  
 
3.1.2.2 Supply Chain Agility: Traditional versus Agile Supply Chain 
The difference between supply chain management and supply chain agility is the extent of 
capability that the organization possesses. Key to the success of an agile supply chain is the speed 
and flexibility with which these activities can be accomplished effectively and the realization that 
customer needs and customer satisfaction are the main stimulants for the network. Customer 
satisfaction is paramount. Achieving this capability requires all physical and logical events within the 
supply chain to be enacted swiftly, accurately, and effectively. The faster parts, information, and 
decisions flow through an organization, the faster it can respond to customer needs.  
Agile organizations are basically market-driven, with more product research and short development 
and introduction cycles. The focus is on quickly satisfying the issues involved in supply chain, the 
chain of events from a customer's order inquiry through complete satisfaction of that consumer. All 
physical events are enacted quickly and accurately. The faster materials, information, and decisions 
flow through an organization the faster it can respond to the demands of the market. The keys are 
flow and time. 
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Achieving agility starts with the physical flow of parts, from the point of supply, through the factory, 
and shipment through agile distribution channels. It emphasizes closing the distance between each 
point in the flow. Within the factory successive operations in the work chain are physically coupled, 
removing non-value-adding functions and inducing velocity. Parts move with high velocity through 
the work chain. Natural points of delay are eliminated and simplified.  
The information chain is streamlined and electronically linked at every point, so that information flow 
is direct without interruptions and delays. Business cycle times are to be reduced to the time it 
actually takes to effectively process information.  
Agility requires a company to be nimble in its response to changing needs of the market. Time-to-
market is short. Service is highly responsive and open to new challenges. Quality is impeccable. 
The factory is able to quickly changeover from one product type to the next. Flexible manufacturing 
and assembly cells provide this physical capability. Quick changeover techniques are mastered 
using modular fixturing. Tools are located in close proximity to the point of usage. Equipment is 
collocated for speed and responsiveness.  
An agile company is organized for velocity and flexibility by reducing the number of vertical and 
horizontal layers in the organization chart and rearranging them around natural processes. 
Organizational functions are collocated into physical groups that work fast. Physical walls that stand 
in the way of good communication are removed.  
Supply Chain Agility is in direct opposition with traditional manufacturing approaches characterized 
by use of economic order quantities, high capacity utilization, and high inventory. It requires radical 
change. Excess capacity is welcome instead of taboo. Make-to-order capability replaces mass 
production, and lot sizes of one replace EOQ's.  
A major issue with supply chain agility is the high capitalization often required for flexibility in the 
production and assembly areas. However, just like anything else, supply chain agility is no panacea, 
nor should it be embraced as a religion. It is an operational strategy that, if implemented properly, 
would provide a new dimension to competing: quickly introducing new customized high quality 
products and delivering them with unprecedented lead times, swift decisions, and manufacturing 
products with high velocity. 
 
 
3.1.2.3 Problem Statement  
Detailed literature review on supply chain agility assessment has already been provided in Section 
3.1.1.2. As a continuation of the previous work reported in Section 3.1.1, the application feasibility of 
GIVFNs set theory has been attempted here for supply chain agility appraisement. Apart from 
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estimating overall agility index, the study has been extended to identify ill-performing areas of the 
supply chain (agile barriers). This can be achieved through performance ranking of various agile 
criterions. As the said agility appraisement module is based on fuzzy concept; determination of 
ranking order for different agile criterions requires exploration of the theory of fuzzy numbers 
ranking. Generalized fuzzy numbers can easily be ranked based on their overall utility value 
obtained on applying the theory of ‘maximizing set and minimizing set’. As this study utilizes IVFNs, 
performance ranking of agile criterion seems difficult. This is because; the theory on ranking of 
interval-valued trapezoidal fuzzy number is not readily available in literature. So we have to think of 
adapting alternative means. There exists need for further research towards addressing ranking, 
similarity measure and comparison aspects between two interval-valued trapezoidal fuzzy numbers 
to be appropriately fitted in the decision-making process.   
Motivated by this concept, the present study aims to develop a group decision-making procedural 
hierarchy based on generalized interval-valued trapezoidal fuzzy number sets for agility index 
appraisement in supply chain. Detailed methodology of the proposed approach has been illustrated 
through an empirical study. The appraisement hierarchy utilized in Sec 3.1.1 (shown in Table 3.1) 
has also been adapted in the present case.     
 
 
 
 
 
 
 
 
 
 
Fig. 3.2: Interval-valued trapezoidal fuzzy numbers (Liu and Wang; 2011) 
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3.1.2.4 Introduction to Interval-Valued Trapezoidal Fuzzy Numbers (Wei and Chen, 
2009) 
Wang and Li (2001) represented the interval-valued trapezoidal fuzzy numbers as follows (Fig. 3.2): 
( ) ( )[ ]UL AUUUUALLLLUL waaaawaaaaAAA ~~4321~~4321 ;,,,,;,,,~~,~~~~ ==  
Here,
UL AA
UUUU
LLLL
ww
aaaa
aaaa
~
~
~
~
4321
4321
0
,10
,10
≤≤
≤≤≤≤≤
≤≤≤≤≤
 and .
~
~
~
~ UL AA ⊂
 
From Fig. 3.2, it can be concluded that interval-valued trapezoidal fuzzy number A
~
~
 consists of the 
lower values of interval-valued trapezoidal fuzzy number LA
~
~
and the upper values of interval-valued 
trapezoidal fuzzy number .
~
~UA
 
 
3.1.2.5 The Operation Rules of IV-Trapezoidal Fuzzy Numbers (Wei and Chen, 2009) 
Suppose that, 
( ) ( )[ ]UL AUUUUALLLLUL waaaawaaaaAAA ~~4321~~4321 ;,,,,;,,,~~,~~~~ ==  and 
( ) ( )[ ]UL BUUUUBLLLLUL wbbbbwbbbbBBB ~~4321~~4321 ;,,,,;,,,~~,~~~~ ==  are the two interval-valued trapezoidal 
fuzzy numbers, where, 
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1. The sum of two interval-valued trapezoidal fuzzy numbers BA
~
~
~
~ ⊕ : 
( ) ( )[ ] ( ) ( )[ ]ULUL BUUUUBLLLLAUUUUALLLL wbbbbwbbbbwaaaawaaaaBA ~~4321~~4321~~4321~~4321 ;,,,,;,,,;,,,,;,,,~~~~ ⊕=⊕  
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( )( ) ( )( )[ ]UULL BAUUUUUUUUBALLLLLLLL wwbabababawwbabababa ~~~~44332211~~~~44332211 ,min;,,,,,min;,,, ++++++++=
                                                                                                                             
(3.20) 
2. The difference of two interval-valued trapezoidal fuzzy numbers BA
~
~
~
~
− : 
( ) ( )[ ] ( ) ( )[ ]ULUL BUUUUBLLLLAUUUUALLLL wbbbbwbbbbwaaaawaaaaBA ~~4321~~4321~~4321~~4321 ;,,,,;,,,;,,,,;,,,~~~~ −=−  
( )( ) ( )( )[ ]UULL BAUUUUUUUUBALLLLLLLL wwbabababawwbabababa ~~~~14233241~~~~14233241 ,min;,,,,,min;,,, −−−−−−−−=                                                                                                                              
(3.21) 
3. The product of two interval-valued trapezoidal fuzzy numbers BA
~
~
~
~ ⊗ : 
( ) ( )[ ] ( ) ( )[ ]ULUL BUUUUBLLLLAUUUUALLLL wbbbbwbbbbwaaaawaaaaBA ~~4321~~4321~~4321~~4321 ;,,,,;,,,;,,,,;,,,~~~~ ⊗=⊗  
( )( ) ( )( )[ ]UULL BAUUUUUUUUBALLLLLLLL wwbabababawwbabababa ~~~~44332211~~~~44332211 ,min;,,,,,min;,,, ××××××××=     
(3.22) 
 
 
3.1.2.6 The Distance between Two IV-Trapezoidal Fuzzy Numbers  
Suppose that, 
( ) ( )[ ]UL AUUUUALLLLUL waaaawaaaaAAA ~~4321~~4321 ;,,,,;,,,~~,~~~~ ==  and 
( ) ( )[ ]UL BUUUUBLLLLUL wbbbbwbbbbBBB ~~4321~~4321 ;,,,,;,,,~~,~~~~ ==  are the two generalized interval-valued 
trapezoidal fuzzy numbers, then the distance of two interval-valued trapezoidal fuzzy numbers A
~
~
 
and B
~
~ is calculated as follows: 
a. Utilize the formula (15) to calculate the coordinate of COG points
( ) ( ) ( ) ( )UULLUULL BBBBAAAA yxyxyxyx ~~~~~~~~~~~~~~~~ ,,,,,,,  which belong to the generalized interval-valued 
trapezoidal fuzzy numbers ULUL BBAA
~
~
,
~
~
,
~
~
,
~
~
.
 
 
b. The distance of two interval-valued trapezoidal fuzzy number is: 
( ) ( ) ( ) ( ){ }2~
~
~
~
2
~
~
~
~
2
~
~
~
~
2
~
~
~
~2
1~~
,
~
~
UUUULLLL BABABABA
xxyyxxyyBAd −+−+−+−=




                    (3.23)
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Here, 



 BAd
~
~
,
~
~
satisfies the following properties: 
(i) If A
~
~
and B
~
~
are normalized interval-valued trapezoidal fuzzy numbers, then .1
~
~
,
~
~0 ≤



≤ BAd  
(ii) 0
~
~
,
~
~
~
~
~
~
=



⇒= BAdBA  
(iii) 




=



 ABdBAd
~
~
,
~
~
~
~
,
~
~
 
(iv) 



≥



+



 BAdBCdCAd
~
~
,
~
~
~
~
,
~
~
~
~
,
~
~
 
In the real life decision making, it is difficult to get the form of generalized interval-valued trapezoidal 
fuzzy numbers for the attribute values and weights directly by the decision-makers. So, the form of 
linguistic terms is usually adopted. Wei and Chen (2009) utilized the interval-valued trapezoidal 
fuzzy numbers to represent the 9-member linguistic terms (Table 3.13), which has also been used 
in the present work. 
 
3.1.2.7 Degree of Similarity Measurement between Two IV-Fuzzy Numbers  
Combining the concepts of geometric distance, the perimeter, the height and the COG points, the 
degree of similarity between interval-valued trapezoidal fuzzy numbers can be calculated (Wei and 
Chen, 2009; Chen and Sanguansat, 2011). Assuming that there are two interval-valued trapezoidal 
fuzzy numbers: 
( ) ( )[ ]U
A
UUUUL
A
LLLLUL waaaawaaaaAAA ~
~4321~~4321 ˆ;,,,,ˆ;,,,
~
~
,
~
~
~
~
=




=  and 
( ) ( )[ ]U
B
UUUUL
B
LLLLUL wbbbbwbbbbBBB ~
~4321~~4321 ˆ;,,,,ˆ;,,,
~
~
,
~
~
~
~
=




=  
Here, ,10 4321 ≤≤≤≤≤
LLLL aaaa      ,10 4321 ≤≤≤≤≤
UUUU aaaa  
,1ˆ0 ~
~
~
~
≤≤≤ U
A
L
A
ww .
~
~
~
~ UL AA ⊂  
,10 4321 ≤≤≤≤≤
LLLL bbbb      ,10 4321 ≤≤≤≤≤
UUUU bbbb  
,1ˆ0 ~
~
~
~
≤≤≤ U
B
L
B
ww .
~
~
~
~ UL BB ⊂  
The procedural steps for calculating the degree of similarity between interval-valued trapezoidal 
fuzzy numbers A
~
~
and B
~
~
are summarized below (Wei and Chen, 2009).   
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Step 1: Calculate the areas 



 LAA
~
~
and 



 UAA
~
~
of the lower trapezoidal fuzzy number LA
~
~
and the 
upper trapezoidal fuzzy number UA
~
~
, respectively, shown as follows: 
( )
,
2
ˆ~
~
~
~1234 LA
LLLL
L
waaaa
AA
×−−+
=




                                                                                         (3.24) 
( )
.
2
ˆ~
~
~
~1234 UA
UUUU
U
waaaa
AA
×−−+
=




                                                                                       (3.25) 
In the same way, calculate the areas 



 LBA
~
~
and 



 UBA
~
~
of the lower trapezoidal fuzzy number LB
~
~
and the upper trapezoidal fuzzy number UB
~
~
, respectively, shown as follows: 
( )
,
2
ˆ~
~
~
~1234 LB
LLLL
L
wbbbb
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×−−+
=




                                                                                          (3.26) 
( )
.
2
ˆ~
~
~
~1234 UB
UUUU
U
wbbbb
BA
×−−+
=




                                                                                        (3.27) 
Step 2: Calculate the COG points ( ) ( ) ( ) ( )*~
~
*
~
~
*
~
~
*
~
~
*
~
~
*
~
~
*
~
~
*
~
~
,,,,,,, UULLUULL BBBBAAAA
yxyxyxyx  of UL AA
~
~
,
~
~
and UL BB
~
~
,
~
~
, 
respectively, by the following equations.  
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( ) ( )( )
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Step 3: Calculate the COG point ( )*~
~
*
~
~
,
AA
yx of the interval-valued fuzzy number A
~
~
, where 
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






≠




−









−




×




−×




=
.,0
,0
~
~
~
~
,
~
~
~
~
~
~
~
~ *
~
~
*
~
~
*
~
~
otherwise
AAAAif
AAAA
yAAyAA
y
LU
LU
A
L
A
U
A
LU
                                                 (3.37) 
In the same way, calculate the COG point ( )*~
~
*
~
~
,
BB
yx  of the interval-valued fuzzy number B
~
~
, where  







≠




−









−




×




−×




=
.,0
,0
~
~
~
~
,
~
~
~
~
~
~
~
~ *
~
~
*
~
~
*
~
~
otherwise
BABAif
BABA
xBAxBA
x
LU
LU
B
L
B
U
B
LU
                                                  (3.38) 
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






≠




−









−




×




−×




=
.,0
,0
~
~
~
~
,
~
~
~
~
~
~
~
~ *
~
~
*
~
~
*
~
~
otherwise
BABAif
BABA
yBAyBA
y
LU
LU
B
L
B
U
B
LU
                                                 (3.39) 
Step 4: Calculate the degree of similarity 



 LL BAS
~
~
,
~
~ between the lower trapezoidal fuzzy numbers
LA
~
~
and ,
~
~ LB shown as follows: 
( )
( ) ( )







≠
+














+














×












−
−
=




∑
=
.,0
,0ˆ,ˆmin,
ˆ,ˆmax
~
~
,
~
~
max
ˆ,ˆmin
~
~
,
~
~
min
4
1~~
,
~
~ ~
~
~
~
~
~
~
~
~
~
~
~
4
1
otherwise
wwif
wwBLAL
wwBLALba
BAS LL
LL
LL
BA
BA
LL
BA
LL
i
L
i
L
i
LL
 
                                                                                                                                                     (3.40) 
Here, 
( ) ( ) ( ) ( ),ˆˆ~~ 14232~~2432~~221 LLLLALLALLL aaaawaawaaAL LL −+−++−++−=                                  (3.41) 
( ) ( ) ( ) ( ),ˆˆ~~ 14232~~2432~~221 LLLLBLLBLLL bbbbwbbwbbBL LL −+−++−++−=                                         (3.42) 
Also, [ ].1,0~~,~~ ∈



 LL BAS   
Calculate the degree of similarity 



 UU BAS
~
~
,
~
~
 between the upper trapezoidal fuzzy numbers UA
~
~
and
,
~
~UB shown as follows: 
( )
( ) ( )







≠
+














+














×












−
−
=




∑
=
.,0
,0ˆ,ˆmin,
ˆ,ˆmax
~
~
,
~
~
max
ˆ,ˆmin
~
~
,
~
~
min
4
1~~
,
~
~ ~
~
~
~
~
~
~
~
~
~
~
~
4
1
otherwise
wwif
wwBLAL
wwBLALba
BAS UU
UU
UU
BA
BA
UU
BA
UU
i
U
i
U
i
UU
 
                                                                                                                                                     (3.43) 
Here, 
( ) ( ) ( ) ( ),ˆˆ~~ 14232~~2432~~221 UUUUAUUAUUU aaaawaawaaAL UU −+−++−++−=                                    (3.44) 
( ) ( ) ( ) ( ),ˆˆ~~ 14232~~2432~~221 UUUUBUUBUUU bbbbwbbwbbBL UU −+−++−++−=                                     (3.45) 
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Also, [ ].1,0~~,~~ ∈



 UU BAS   
Step 5: Calculate the difference x∆ on the x- axis and the difference y∆ on the y- axis of the COG 
points of the interval-valued trapezoidal fuzzy numbers A
~
~
and B
~
~
 shown as follows: 



 ≠




−



≠




−




−
=∆
.,0
,0
~
~
~
~0
~
~
~
~
,
*
~
~
*
~
~
otherwise
BABAandAAAAifxx
x
LULU
BA
                                           (3.46) 



 ≠




−



≠




−




−
=∆
.,0
,0
~
~
~
~0
~
~
~
~
,
*
~
~
*
~
~
otherwise
BABAandAAAAifyyy
LULU
BA
                                          (3.47) 
Step 6: Calculate the degree of similarity 



 BAS
~
~
,
~
~ between the interval-valued trapezoidal fuzzy 
numbers A
~
~
 and B
~
~
 as follows: 
( ) ( ) ( ) ,ˆˆˆˆ111
2
~
~
,
~
~
~
~
,
~
~
~
~
,
~
~ 2
~
~
~
~
~
~
~
~
21
1
u
L
B
L
A
U
B
U
A
tUULL
wwwwyx
BABAS
BAS +−−−×










∆−×∆−×




+




=










+
           (3.48) 
Here, 



 ≠




−



≠




−




=
.,0
,0
~
~
~
~0
~
~
~
~
,1
otherwise
BABAandAAAAif
t
LULU
                                                        (3.49) 


 ==
=
.,0
,,1 4141
otherwise
bbandaaif
u
UUUU
                                                                                             (3.50) 
Also, [ ].1,0~~,~~ ∈



 BAS  The larger the value of 



 BAS
~
~
,
~
~
, the more the similarity between the interval-
valued trapezoidal fuzzy numbers A
~
~
 and B
~
~
. 
The aforesaid concept of similarity measure between interval-valued trapezoidal fuzzy numbers has 
the following properties (Wei and Chen, 2009). 
 
Property 1: When ,0ˆ ~
~
≠U
A
w and ,0ˆ ~
~
≠U
B
w two interval-valued trapezoidal fuzzy numbers A
~
~
 and B
~
~
are 
identical if and only if .1
~
~
,
~
~
=



 BAS
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Property 2: 




=



 ABSBAS
~
~
,
~
~
~
~
,
~
~
  
 
Property 3: If A
~
~
 and B
~
~
are real values between zero and one, where aA =
~
~
and bB =
~
~
, then 
.1
~
~
,
~
~ baBAS −−=




 
 
3.1.2.8 Division Operator Ø for Interval-Valued Trapezoidal Fuzzy Numbers 
Wei and Chen, (2009) proposed a new division operator for interval-valued trapezoidal fuzzy 
numbers for fuzzy risk analysis. According to them, given for two fuzzy numbers:  
Let 
( ) ( )[ ],ˆ;,,,,ˆ;,,,~~ ~
~4321~~4321
U
A
UUUUL
A
LLLL waaaawaaaaA = ( ) ( )[ ],ˆ;,,,,ˆ;,,,~~ ~
~4321~~4321
U
B
UUUUL
B
LLLL wbbbbwbbbbB =
 
,,,,
4
4
3
3
2
2
1
1






= L
L
L
L
L
L
L
L
L
b
a
b
a
b
a
b
aU ,,,,
4
4
3
3
2
2
1
1






= U
U
U
U
U
U
U
U
U
b
a
b
a
b
a
b
aU
                                     (3.51) 
( ) ( ) ( ) ( ),max,max,min,min UULLUULL UyUyUxUx ==== where 
,10
,10
4321
4321
≤≤≤≤≤
≤≤≤≤≤
UUUU
LLLL
aaaa
aaaa
 
.10
,10
4321
4321
≤≤≤≤≤
≤≤≤≤≤
UUUU
LLLL
bbbb
bbbb
 
 
The division operator Ø proposed by (Wei and Chen, 2009) between interval-valued trapezoidal 
fuzzy numbers has been presented follows: 
 
A
~
~
Ø B
~
~
= ( ) ( )[ ]U
A
UUUUL
A
LLLL waaaawaaaa ~
~4321~~4321 ˆ;,,,,ˆ;,,,  Ø ( ) ( )[ ]UBUUUULBLLLL wbbbbwbbbb ~~4321~~4321 ˆ;,,,,ˆ;,,,   
 
( ) ( ) ( ) ( ) ( )( )
( ) ( ) ( ) ( ) ( )( )






−−
−−
=
U
B
U
A
UUUUUU
L
B
L
A
LLLLLL
wwUyUxUU
wwUyUxUU
~
~
~
~
~
~
~
~
ˆ,ˆmin;max,max,min,min
,ˆ,ˆmin;max,max,min,min
                                           (3.52) 
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Here ( )LL xU − denotes deleting the element Lx from the set ,LU ( )UU xU − denotes deleting the 
element Ux from the set ,
UU ( )LL yU − denotes deleting the element Ly from the set ,LU ( )UU yU −
denotes deleting the element
Uy from the set .UU  
 
3.1.2.9 Proposed Framework: Managerial Implication   
Agility evaluation has been made by the procedural framework as described as follows. This agility 
evaluation framework has been empirically studied, and the results obtained thereof, has been 
analyzed as well. The agility appraisal model adopted in the present study has already been 
furnished in Table 3.1, of Section 3.1.1.  
 
1 Determination of the appropriate linguistic scale for assessing the performance ratings 
and importance weights of agile attributes 
The linguistic terms have been used to assess performance ratings as well as priority weights of 
agile attributes; since it is difficult for the decision-makers to determine the score of a vague 
attribute. The linguistic scale used by (Wei and Chen, 2009) has been adopted in this study. In 
order to assess the performance rating of the agile criterions from Table 3.1 (in Grade-III), the nine 
linguistic variables {Absolutely Poor (AP), Very Poor (VP), Poor (P), Medium Poor (MP), 
Medium (M), Medium Good (MG), Good (G), Very Good (VG) and Absolutely Good (AG)} have 
been used. In order to assess the importance weights (priority degree) of the agile 
capabilities/attributes as well as criterions, the linguistic variables {Absolutely Low (AL), Very Low 
(VL), Low (L), Medium Low (ML), Medium (M), Medium High (MH), High (H), Very High (VH), 
Absolutely High (AH)} have been utilized. The linguistic variables have been assumed accepted 
among the selected group of DMs of the enterprise taking into consideration the company policy, 
company characteristics, business changes and competitive situation (Table 3.13). 
 
2 Assignment of performance ratings and importance weights of various agile attribute 
using linguistic terms 
After the linguistic variables for assessing the performance ratings and importance weights of agile 
attributes has been accepted by the decision-makers (DMs), the decision-makers have been 
instructed to use aforesaid linguistic scales to assess the performance rating as well as to assign 
importance weights (Appendix: Table 3.14 and Tables 3.15-3.17). 
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3 Approximation of the linguistic terms by generalized interval-valued trapezoidal fuzzy 
numbers 
Using the concept of generalized interval-valued trapezoidal fuzzy numbers set theory, the linguistic 
variables have been be approximated and the aggregated decision-making cum evaluation matrix 
(aggregated fuzzy weights and criteria ratings) has been constructed (Appendix: Tables 3.18-3.20).  
 
4 Determination of FAI 
FAI represents the overall enterprise level agility (Lin et al., 2006a, b). The fuzzy index has been 
calculated at the criterion level and then extended to enabler level. The fuzzy index of Grade-II agile 
attribute has been calculated using the formula: 
( )
∑
∑
=
=
⊗
=
n
k
ijk
n
k
ijkijk
ij
w
Uw
U
1
1
                                                                                                                   (3.53) 
Here ijkU represent performance rating and ijkw represent fuzzy weight for priority importance 
corresponding to agile criteria.  
The fuzzy index of Grade-I agile capability has been calculated as follows: 
( )
∑
∑
=
=
⊗
=
n
j
ij
n
j
ijij
i
w
Uw
U
1
1
                                                                                                                      (3.54) 
Here ijU represent performance measure and ijw represent fuzzy weight for priority importance 
corresponding to agile attributes.  
The overall fuzzy index has been calculated as follows: 
( )
( )
∑
∑
=
=
⊗
=
n
i
i
n
i
ii
w
Uw
FAIU
1
1
                                                                                                                (3.55) 
Here =iU Rating of thi agile capabilities; =iw Weight of thi agile capabilities, and ni ,...3,2,1= . 
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Now, 
( ) ( )[ ] ( ) ( )[ ]
( ) ( )[ ] ( ) ( )[ ]
( ) ( )[ ] ( ) ( )[ ]








⊗⊕
⊗⊕
⊗
=
⊗⊕⊗⊕⊗=⊗∑
=
0.1;99.0,98.0,93.0,88.0,8.0;99.0,98.0,93.0,88.00.1;90.0,86.0,86.0,68.0,8.0;90.0,86.0,86.0,68.0
0.1;89.0,83.0,67.0,61.0,8.0;89.0,83.0,67.0,61.00.1;95.0,91.0,85.0,81.0,8.0;95.0,91.0,85.0,81.0
0.1;00.1,00.1,99.0,96.0,8.0;00.1,00.1,99.0,96.00.1;95.0,91.0,82.0,78.0,8.0;95.0,91.0,82.0,78.0
332211
1
wUwUwUwU
n
i
ii
( ) ( )[ ] ( ) ( )[ ]
( ) ( )[ ] 




⊕
⊕
=
0.1;89.0,84.0,80.0,60.0,8.0;89.0,84.0,80.0,60.0
0.1;83.0,75.0,57.0,49.0,8.0;83.0,75.0,57.0,49.00.1;95.0,91.0,81.0,75.0,8.0;95.0,91.0,81.0,75.0
( ) ( )[ ]0.1;67.2,51.2,18.2,84.1,8.0;67.2,51.2,18.2,84.1=
 
And, ( ) ( ) ( )[ ]∑
=
=⊕⊕=
n
i
i wwww
1
321 0.1;88.2,81.2,59.2,45.2,8.0;88.2,81.2,59.2,45.2  
 Thus, ( ) ( ) ( )[ ]( ) ( )[ ]0.1;88.2,81.2,59.2,45.2,8.0;88.2,81.2,59.2,45.2
0.1;67.2,51.2,18.2,84.1,8.0;67.2,51.2,18.2,84.1
=FAIU      
               
( ) ( )[ ]0.1;92.0,89.0,84.0,75.0,8.0;92.0,89.0,84.0,75.0=       
 
5 Identification and analysis of obstacles for improvement 
Computed score of FAI may further be compared by matching with an appropriate agility level 
decided by the top management based on a predefined agility scale (extent of agility scale). The 
procedure of agility evaluation must not only stop with determination of agility level but also identify 
and analyze the obstacles for improvement (Vinodh et al., 2011). Degree of similarity concept has 
been proposed in this reporting in order to identify individual criterion performance level towards 
enhancing supply chain agility. It is obvious that individual agile criteria/ attributes contribute to the 
overall fuzzy agility index. The fuzzy number representing criteria rating for a particular criterion has 
been matched to the aggregated fuzzy agility measure at the preceding grade; the degree of 
similarity between two has been viewed as the degree of contribution of the said criterion upon 
corresponding fuzzy agility index at the preceding grade (Table 3.21). It has been assumed that 
larger the extent of similarity degree, the more is the contribution (or degree of satisfactory 
performance) corresponding to that particular criteria. Using this concept, poorly performing criterion 
have been sorted out (called agile barriers). In future, attention must be given to improve those 
criteria aspects in order to boost up supply chain agility degree. Sample calculation has been 
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furnished below. The supply chain should focus on improvement of the weak areas in order to 
achieve expected agility level.  
 
Calculation for finding the Degree of similarity 
 
( ) ( )[ ]
( ) ( )[ ]0.1;98.0,96.0,88.0,84.0,8.0;98.0,96.0,88.0,84.0~~
,0.1;92.0,89.0,84.0,75.0,8.0;92.0,89.0,84.0,75.0
~
~
=
=
B
A
 
 
Step 1: Compute the areas 



 LAA
~
~
, 



 UAA
~
~
and 



 LBA
~
~
, 



 UBA
~
~
 
 ( )
,
2
ˆ~
~
~
~1234 LA
LLLL
L
waaaa
AA
×−−+
=




 
             
( )
088.0
2
8.075.084.089.092.0
=
×−−+
=
 
( )
.
2
ˆ~
~
~
~1234 UA
UUUU
U
waaaa
AA
×−−+
=




  
             
( )
11.0
2
0.175.084.089.092.0
=
×−−+
=
 
( )
( )
088.0
2
8.084.088.096.098.0
,
2
ˆ~
~
~
~1234
=
×−−+
=
×−−+
=



 LB
LLLL
L
wbbbb
BA
                   
( )
( )
11.0
2
184.088.096.098.0
.
2
ˆ~
~
~
~1234
=
×−−+
=
×−−+
=



 UB
UUUU
U
wbbbb
BA
  
Step 2: Compute the COG points ( ) ( ) ( ) ( )*~
~
*
~
~
*
~
~
*
~
~
*
~
~
*
~
~
*
~
~
*
~
~
,,,,,,, UULLUULL BBBBAAAA
yxyxyxyx        
3059.0
6
2941.28.0
6
2ˆ
14
23
~
~
*
~
~
=
×
=






+
−
−
=
LL
LL
A
A
aa
aa
w
y
L
L  
  
109 
 
( ) ( )( ) ( ) ( )( ) 8465.0
8.02
3059.08.075.092.084.089.03059.0
ˆ2
ˆ
~
~
*
~
~
~
~1423
*
~
~
*
~
~
=
×
−+++
=
−+++
=
L
LLL
L
A
AA
LLLL
A
A w
ywaaaay
x
 
By using (Eqs. 3.28-3.35) following points can be calculated. 
( )
( ) ( )( )
91428.0
42857.0
6
5714.21
91428.0
8.02
34285.08.084.098.088.096.034285.0
34285.0
6
5714.28.0
84647.0
12
3823.0167.173.13823.0
3823.0
6
2941.21
*
~
~
*
~
~
*
~
~
*
~
~
*
~
~
*
~
~
=
=
×
=
=
×
−+++
=
=
×
=
=
×
−×+×
=
=
×
=
U
U
L
L
U
U
B
B
B
B
A
A
x
y
x
y
x
y
  
 
Step 3: Compute the COG points ( )*~
~
*
~
~
,
AA
yx and ( )*~
~
*
~
~
,
BB
yx
 
 
8465.0
088.011.0
8465.0088.08465.011.0
~
~
~
~
~
~
~
~ *
~
~
*
~
~
*
~
~
=
−
×−×
=





−




×




−×




=
LU
A
L
A
U
A
AAAA
xAAxAA
x
LU
   
 
  Similarly, by using (Eqs. 3.36-3.39), the following points can be calculated as, 
 
7714.0
088.011.0
34285.0088.042857.011.0
9143.0
088.011.0
91428.0088.091428.011.0
6882.0
088.011.0
3059.0088.03823.011.0
*
~
~
*
~
~
*
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Step 4: Compute 
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( ) ( ) ( ) ( ) ( ) ( )
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From Eq. 3.40, 
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Similarly, 
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Now, from Eq. 3.43, 
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Step 5: Compute x∆ and y∆ using Eqs. 3.46, 3.47 
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Step 6: Compute the degree of similarity 

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From Eq. 3.48, where t=1 and u=0 
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3.1.2.10 Concluding Remarks   
In the preceding study an efficient fuzzy-based decision-model has been reported towards agility 
appraisement for an integrated supply chain. To avoid uncertainty-vagueness arising from decision-
makers subjective judgment on tangible and intangible agile criteria/attributes, use of fuzzy linguistic 
representation has been recommended. Degree of accuracy of this compromise decision-making 
process has been aimed to be increased by adopting Interval-Valued fuzzy numbers. A Fuzzy 
Agility Index has been computed and considered as an overall evaluation index representing extent 
of supply chain agility. ‘Degree of Similarity’ concept (between two fuzzy numbers) adopted from 
‘Fuzzy Risk Analysis’ has been articulated in this study to rank various agile criteria and 
consequently to identify weak agile criterions. The supply chain agility level can be boost up by 
improving performances of those weak segments in the supply chain.     
 
Table 3.13: Definitions of linguistic variables for criteria ratings and weights  
(A-9 member interval linguistic term set)  
 
Linguistic terms  
(Attribute/criteria ratings) 
Linguistic terms (Priority 
weights)  
Generalized interval-valued trapezoidal 
fuzzy numbers 
Absolutely Poor (AP) Absolutely Low (AL) [(0, 0, 0, 0; 0.8),  (0, 0, 0, 0; 1)] 
Very Poor (VP) Very Low (VL) [(0, 0, 0.02, 0.07; 0.8),  (0, 0, 0.02, 0.07; 1)] 
Poor (P) Low (L) [(0.04, 0.10, 0.18, 0.23; 0.8),  (0.04, 0.10, 0.18, 0.23; 1)] 
Medium Poor (MP) Medium Low (ML) [(0.17, 0.22, 0.36, 0.42; 0.8),  (0.17, 0.22, 0.36, 0.42; 1)]  
Medium (M) Medium (M) [(0.32, 0.41, 0.58, 0.65; 0.8),  (0.32, 0.41, 0.58, 0.65; 1)]  
Medium Good (MG) Medium High (MH) [(0.58, 0.63, 0.80, 0.86; 0.8),  (0.58, 0.63, 0.80, 0.86; 1)]   
Good (G) High (H) [(0.72, 0.78, 0.92, 0.97; 0.8),  (0.72, 0.78, 0.92, 0.97; 1)] 
Very Good (VG) Very High (VH) [(0.93, 0.98, 1, 1; 0.8),  (0.93, 0.98, 1, 1; 1)]   
Absolutely Good (AG) Absolutely High (AH) [(1, 1, 1, 1; 0.8),  (1, 1, 1, 1; 1)] 
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Table 3.21: Ranking order of agile criterions (based on fuzzy Degree of Similarity concept)  
 
Agile Criteria (Grade III) ( )ijkC  )~~,~~( BAS  Ranking Order 
111C  0.922 8 
112C  0.911 9 
113C  0.932 6 
121C  0.894 12 
122C  0.930 7 
123C  0.894 12 
131C  0.939 4 
132C  0.945 2 
211C  0.922 8 
212C  0.911 9 
213C  0.911 9 
221C  0.785 15 
222C  0.843 13 
23C  0.904 11 
31C  0.907 10 
321C  0.948 1 
322C  0.934 5 
323C  0.943 3 
324C  0.922 8 
33C  0.798 14 
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3.1.3 Agility Appraisement in MC Product Manufacturing 
3.1.3.1 Overview 
In today’s business scenario, enterprises have become more concerned towards mass 
customization (MC), providing a wide variety of products that satisfy customers’ specific 
requirements. Enormous product variety invites escalating costs and complexity in manufacturing 
context. In order to respond to the mass customization trend; it is felt indeed necessary to develop 
an agility-based manufacturing system to embrace the traits involved in MC. Agility index of mass 
customization and the management and technology dimension associated with the specific system 
are really helpful to deal with the critical elements of implementing MC.  
To this end, the present work highlights on an MC product manufacturing agility evaluation 
approach based on the characteristics of MC product manufacturing and the requirement of agile 
manufacturing, by considering (i) MC enterprise’s organization management agility evaluation, (ii) 
MC products design agility evaluation, and (iii) MC manufacture agility evaluation. Interval-Valued 
Fuzzy Sets (IVFS) has been adopted in this evaluation model. A Fuzzy Agility Index (FAI) has been 
computed and compared with predefined agility measurement scale to assess the extent of agility in 
MC product manufacturing.  
 
3.1.3.2 Research Background  
3.1.3.2.1 Mass Customization (MC) in Manufacturing/ Production Context    
Mass Customization is the new paradigm that replaces mass production, which is no longer suitable 
for today’s turbulent markets, growing product variety, and opportunities for e-commerce.  Mass 
customization proactively manages product variety in the environment of rapidly evolving markets 
and products, many niche markets, and individually customized products sold through stores or 
over the internet. Mass customizers can customize products quickly for individual customers or for 
niche markets at better than mass production efficiency and speed. Using the same principles, 
mass customizers can ‘Build-to-Order’ both customized products and standard products without 
forecasts, inventory, or purchasing delays. 
Mass customization, in marketing, manufacturing, call centers and management, is the utilization of 
flexible computer-aided manufacturing systems to produce custom output. Those systems combine 
the low unit costs of mass production processes with the flexibility of individual customization. Mass 
customization is the new frontier in business competition for both manufacturing and service 
industries. At its core is a tremendous increase in variety and customization without a 
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corresponding increase in costs. At its limit, it is the mass production of individually customized 
goods and services. At its best, it provides strategic advantage and economic value. Mass 
customization is the method of effectively postponing the task of differentiating a product for a 
specific customer until the latest possible point in the supply network (Chase et al., 2006). 
The concept of mass customization is attributed as producing goods and services to meet individual 
customer's needs with near mass production efficiency. It is a strategy that creates value by some 
form of company-customer interaction at the fabrication and assembly stage of the operations level 
to create customized products with production cost and monetary price similar to those of mass-
produced products. It delivers individually customized products at mass production prices with 
implementation of late configuration (James, 2005). Agile manufacturing is not about giving 
consumers’ choice but realizing what they actually want. According to (Kidd, 1995), most of the 
companies have gone down in mass customization road due to the cause of anti-agility 
characteristics. They provide wider choice to customers by using the techniques of product 
modularity and standardized components. However, that choice is yet limited, even though it is 
frequently very large. An agile enterprise should have the capability to deal with such exceptions 
rapidly and without elevated costs. (James, 2005), concluded an important difference between 
mass customization and agility is that, mass customization delivers customized products at mass 
production prices while agility has the ability to respond to change, uncertainty and unpredictability  
in the  business  environment,  whatever  its  sources customers, competitors, new technologies, 
suppliers or government regulation may be. 
Mass Customization combines the principles of Lean Manufacturing and Synchronous 
Manufacturing principles with those of agility, taking full advantage of all three production strategies. 
Mass Customization differs from Lean Manufacturing and Synchronous Manufacturing in the sense 
that lean manufacturing is oriented toward a repetitive manufacturing environment with order 
characteristics of high-volume/low-mix, and synchronous manufacturing applies to low-volume/high 
mix.  
Mass Customization requires an agile supply chain to function optimally. Supply chain agility is the 
extent of network capability that the organization possesses. Key to the success of an agile supply 
chain is the speed and flexibility with which these activities can be accomplished and the realization 
that customer needs and customer satisfaction are the very reasons for the network.  
Achieving expected level of customer satisfaction capability requires all physical and logical events 
within the supply chain to be enacted swiftly, accurately, and effectively. The faster parts, 
information, and decisions flow through an organization, the faster it can respond to customer 
needs. The benefits of MC production generally are specialization, high volume flexibility, lower 
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costs, higher quality, lower inventory, and shorter lead times. The characteristics of mass 
customized production processes are listed below:  
 
i. Make to order  
ii. High or low volumes  
iii. Low inventories  
iv. Short lead times  
v. Just-In-Time materials/pull scheduling in early stages  
vi. Synchronized scheduling in later stages  
vii. Short cycle times  
viii. Highly flexible and responsive processes  
ix. Highly flexible machines and equipment  
x. Quick changeover  
xi. Continuous flow work cells  
xii. Collocated machines, equipment, tools and people  
xiii. Compressed space  
xiv. Multi-skilled employees  
xv. Empowered employees  
xvi. High first-pass yields with major reductions in defects 
 
3.1.3.2.2 Measurement of Agility in MC Product Manufacturing 
Most of the literature discussed on the concept towards development of integrated frameworks for 
agile enterprises towards implementing mass customized product manufacturing. While enhancing 
agility in the enterprise many questions arise (Gunasekaran, 1991; Sharp et al., 1999; Yusuf et al., 
2001; Lin et al., 2006a, b):  
1. What is meant by agility precisely and how it can be measured? 
2. How and to what degree does the companies attributes affect companies business 
performance? How can the company identify the major obstacles to improve organizational 
agility?  
3. How to compare organizational agility to competitiveness?  
4. How to assist in achieving agility effectively?  
To assist managers in better achieving an agile enterprise, there have been numerous studies 
dedicated to design, implementation and measurement of agility. Agile enterprise design consists of 
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definition and measurement of agile criteria, agile attributes, and agile enablers; how company’s 
attributes affect business performance and identification of principal obstacles towards improvement 
(Goldman et al., 1995; Yusuf et al., 1999; Sharifi and Zhang, 2001; Hoak et al., 2001; Tsourveloudis 
and Valavanis, 2002; Sherehiy et al., 2007; Chandna (Kharbanda), 2008; Ganguly et al., 2009;  
Anuziene and Bargelis, 2010). Agility evaluation attains importance in contemporary industry 
scenario as it is an indicator of strategic agile position of an organization (Ramesh and Devadasan, 
2007; Vinodh et al., 2008; Vinodh et al., 2009, Vinodh et al., 2010a, b, c, d; Vinodh et al., 2011). 
Agility index (Vinodh et al., 2011) is given by, 
Agility Index =∑
=
N
j
ijA
1
                                                                                                                    (3.56) 
Here, ijA is the agility level of capability j of the enterprise .i   
Agility Index = i
N
i
i wR ×∑
=1
                                                                                                              (3.57) 
Here, iR denote the agility index and iw the weight of each agile capability, and 
1
1
=∑
=
N
i
iw                                                                                                                                       (3.58) 
In agility assessment, most of the criteria are qualitative in nature which is not completely-defined. 
Due to the ill-defined and vague indicators which exist within agility assessment, most measures 
are described subjectively by linguistic terms which are characterized by ambiguity and multi-
possibility, and the conventional assessment approaches cannot suitably or effectively handle such 
measurement (Lin et al., 2006a, b). However, fuzzy logic provides a useful tool for dealing with 
decisions in which the phenomenon is imprecise, uncertain and vague. Using fuzzy concepts, 
evaluators (decision-makers) can use linguistic terms to assess indicators in a natural language 
expression, and each linguistic (subjective judgment) term can be associated with membership 
function. Fuzzy logic has got wide applications in the process of managerial decision-making and 
decision-information sciences (Vinodh et al., 2008).  
    
 
3.1.3.3 Design Adopted for Agility Evaluation of MC Product Manufacturing System 
Mass Customization (MC) is an operational strategy focused on inducing velocity and flexibility in a 
make-to-order production process, with the capability of producing at a minimum, a quantity of one, 
(or large quantities) with minimal changeovers and interruptions. Mass Customized products can 
efficiently compete with standard products, providing a company a competitive edge by having the 
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capability to manufacture specialized or custom products at the speed, volume, cost, and quality as 
standard products.  
Based on the rapid obtaining of MC demanded information from the consumers, and market 
changing information, MC product agile manufacture is to develop new products in responding to 
the consumers’ demands and to guide the markets via agile organization management, agile design 
as well as agile manufacturing. Accordingly, MC enterprises are required to possess the abilities of 
agile organization management, product design and product manufacturing. For this reason, it is felt 
necessary to synthesize these three aspects for carrying out the agility evaluation of MC product 
manufacturing. The conceptual model for agility evaluation in mass customization product 
manufacturing system adopted in this work has been furnished in Table 3.22 (Yang and Li, 2002). 
The model consists of three agile enablers, 10 agile criteria and 23 agile attributes. The model 
addresses all major dimensions of agility such as MC enterprise organization management agility; 
MC enterprise products design agility, and MC enterprise processing manufacture agility. The agile 
enablers form the first level (Grade-I), agile attributes form the second level (Grade-II) and the agile 
criterions form the third level (Grade-III). 
 
 
3.1.3.4 Problem Statement 
To assist managers in multi-criteria decision making, a model on fuzzy logic provides a means of 
measuring how agile an enterprise is and how to identify principal obstacles to implement it. 
Performance ratings and importance weights of different agility indices are to be assessed by the 
decision-makers (DMs) in linguistic terms. Then appropriate fuzzy numbers are used to represent 
linguistic values, and simple fuzzy arithmetic operations are employed to synthesize these fuzzy 
numbers into a unique fuzzy number called Fuzzy Agility Index (FAI). FAI is matched with 
appropriate linguistics, thereby enabling the agility level to be expressed in linguistic terms (Lin et 
al., 2006a, b). However, conventional fuzzy set theory is not accurate enough in dealing with 
subjective judgment of DMs individual perceptions. In order to overcome this, Interval-Valued Fuzzy 
Set (IVFS) theory has been proposed here to develop a logical and systematic approach for agility 
evaluation and appraisement for a mass customized product manufacturing system. The IVFNs 
have been utilized for transforming DMs linguistic judgment into corresponding fuzzy numbers. In 
order to refine linguistic data (decision-makers opinions) in an efficient manner, and to enhance the 
degree of accuracy of existing conventional fuzzy based approaches, Interval Valued Fuzzy Set 
(IVFS) theory has been attempted and proved fruitful to a larger extent.   
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3.1.3.5 Procedural Hierarchy 
Agility evaluation has been made by the procedural framework as described as follows (Vinodh et 
al., 2011). The various steps adopted here have been presented in block diagram given in Fig. 3.3. 
This agility evaluation framework has been empirically case studied.  
 
1 Determination of the appropriate linguistic scale for assessing the performance ratings 
and importance weights of agile attributes 
The linguistic terms are used to assess the performance ratings and priority weights of agile 
attributes since it is difficult for the decision-makers to determine the score of a vague attribute. The 
linguistic scale used by (Wei and Chen, 2009) has been adopted in this study. In order to assess 
the performance rating of the agile criterions from Table 3.22 (in Grade-III), the nine linguistic 
variables {Absolutely Poor (AP), Very Poor (VP), Poor (P), Medium Poor (MP), Medium (M), 
Medium Good (MG), Good (G), Very Good (VG) and Absolutely Good (AG)} have been used. In 
order to assess the importance weights (priority degree) of the agile indices, the linguistic variables 
{Absolutely Low (AL), Very Low (VL), Low (L), Medium Low (ML), Medium (M), Medium High 
(MH), High (H), Very High (VH), Absolutely High (AH)} have been utilized. The linguistic variables 
have been accepted among the DMs of the enterprise taking into consideration the company policy, 
company characteristics, business changes and competitive situation (Table 3.23). 
 
2 Measurement of performance ratings and importance weights of agile attribute using 
linguistic terms 
After the linguistic variables for assessing the performance ratings and importance weights of agile 
attributes has been assumed agreed by the decision-makers (DMs), the decision-makers have 
been asked to use aforesaid linguistic scales to assess the performance rating as well as to assign 
importance weights (Appendix: Tables 3.24-3.27). 
 
3 Approximation of the linguistic terms by fuzzy IVF numbers 
Using the concept of Interval-Valued Fuzzy Set (IVFS) theory, the linguistic variables have been be 
approximated by IVFNs (trapezoidal, in the present case). Next, the aggregated decision-making 
cum evaluation matrix has been constructed and shown in Appendix (Table 3.28). 
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4 Determination of FAI 
FAI represents the overall enterprise level agility (Lin et al., 2006a, b). The fuzzy index has been 
calculated at the criterion level and then extended to enabler level. Fuzzy index at the criterion level 
encompasses several agile attributes. The fuzzy index of Grade-II agile attributes (Appendix: Table 
3.29) can be calculated using the formula: 
( )
∑
∑
=
=
⊗
=
n
k
ijk
n
k
ijkijk
ij
w
Uw
U
1
1
                                                                                                                   (3.59) 
Here, ijkU represent performance rating and ijkw represent fuzzy weight for priority importance 
corresponding to agile criterions. 
 
The fuzzy index of Grade-I agile capabilities (Appendix: Table 3.30) can be calculated using the 
formula: 
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                                                                                                                   (3.60) 
Here, ijU represent performance rating and ijw represent fuzzy weight for priority importance 
corresponding to agile attributes. 
 
Overall Fuzzy Agility Index (FAI) can be computed as: 
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1
1
                                                                                                                     (3.61)
 
Here, iU represent performance rating and iw represent fuzzy weight for priority importance 
corresponding to agile capabilities. Overall fuzzy agility index:  
( ) ( )[ ] ( ) ( )[ ]
( ) ( )[ ] ( ) ( )[ ]
( ) ( )[ ] ( ) ( )[ ]1;98.0,96.0,88.0,82.0,8.0;98.0,96.0,88.0,82.01;22.7,66.6,09.5,32.4,8.0;22.7,66.6,09.5,32.4
1;99.0,98.0,93.0,89.0,8.0;99.0,98.0,93.0,89.01;14.6,71.5,51.4,86.3,8.0;14.6,71.5,51.4,86.3
1;00.1,00.1,99.0,96.0,8.0;00.1,00.1,99.0,96.01;95.6,09.6,00.4,24.3,8.0;95.6,09.6,00.4,24.3
⊗⊕
⊗⊕
⊗
=FAI
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( ) ( )[ ]1;16.20,08.18,66.12,14.10,8.0;16.20,08.18,66.12,14.10=FAI  
 
 
5 Determination of Euclidean distance to match FAI with approximate agility level 
Computed score of FAI has to be matched with an appropriate agility level decided by the top 
management based on a predefined agility scale (extent of agility scale). It has been mentioned in 
the literature that Euclidean distance method is the most widely used method for matching the 
membership function with linguistic terms. The advantage of Euclidean distance method is the most 
intuitive form of human perception of proximity (Lin et al., 2006). In this case, the natural level 
expression set AL = {Definitely agile (DA), Extremely agile (EA), Very agile (VA), Highly Agile 
(HA), Agile (A), fairly Agile (FA), Slightly Agile (SA), Lowly Agile (LA), Slowly (S)} (Table 3.31) 
has been selected for labelling. 
 Say, an IVFS A in X is given by, 
( ){ }XxxMxA A ∈><= /, , where [ ],1,0: DXM A → ( )xM A denotes the degree of membership of 
the element x to the set .A  
Let A and B be two IVFSs, the Euclidean distance between two A and B be two IVFSs in X  is: 
( ) ( ) ( )( ) ( ) ( )( )∑
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−+−
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1
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2
,                                             (3.62) 
The normalized Euclidean distance is: 
( ) ( )
n
BAd
BAd EIVFSEIVFS
,
,
'
=                                                                                                            (3.63) 
Euclidean distance method has been used to find the distance d  from the FAI to each member in 
set AL and calculated as follows: 
( ) ( ) ( )[ ]
5.0
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xfxfALFAId ALiFAI
px
i                                                                                     (3.64) 
By matching a linguistic label with the minimum d , the agility index has been identified as ‘very 
agile’. 
( ) 143.10, =DAFAId  
( ) 214.10, =EAFAId  
( ) 285.10, =VAFAId  
( ) 356.10, =HAFAId  
( ) 426.10, =AFAId  
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( ) 497.10, =FAFAId  
( ) 568.10, =SAFAId  
( ) 638.10, =LAFAId  
( ) 709.10, =SFAId
 
 
3.1.3.6 Managerial Implications 
Today’s market is going on very complex and volatile. Satisfying customers’ demand is the main 
motto for every success business entrepreneur and also the manufacturing industries. To cope up 
this challenge, agile manufacturing is focused to be the emerging concept rather than existing ones. 
Abrupt change,  uncertainty  and  unpredictability in  the  global business  environment  is  
rendering  invalid  many of  these  existing assumptions  as  well  as  elements  of  current practices 
being pursued. Most of the pioneer researcher focused on defining agility based on current 
practices; but the precise in-depth understandings of agility, reviewing at what organizations has 
been implemented yet over the past twenty years and also what companies are expected to cope 
up in upcoming future that is extremely important.  
 
Literature depicts that pioneers contributed and added value towards development of different 
approaches for measuring agility. Since conventional agility measurement is associated with 
vagueness and complexity, arises from subjective judgment of the decision-makers; fuzzy logic 
approach is seemed helpful in this context (Qureshi et al., 2009; Singh et al., 2010). However, 
conventional fuzzy approach is not reliable enough to that extent. Therefore, Interval-Valued Fuzzy 
Sets (IVFS) has been explored in the present work to frame a conceptual model for agility 
assessment. This approach accumulates the opinion for ratings and assigned attribute priority 
weights from a group of experts (decision-makers). The agility index has been computed. Based on 
Euclidean distance computation, the empirical organization has been found to be ‘Definitely agile’.  
 
3.1.3.7 Concluding Remarks 
The conceptual framework for the agility index appraisement system based on IVFS has been 
illustrated and applied in an empirical study. The agility assessment method (in the context of MC 
product manufacturing) can be used as a test kit for periodically evaluating agility level of the 
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organization. This kind of exercise would enable the organization to identify the competitive 
strengths and weaknesses which is vital in today’s competitive business scenario. 
The adaptation of IVFS in agility index evaluation system is the contribution of this work. IVFS with 
higher degree of reliability can efficiently be utilized for solving complicated decision making 
problems. However, the disadvantage of IVFS is only the complexity followed by tedious time-
consuming computations.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.3: Agility measurement appraisement framework 
 
Agility Appraisement Framework 
Group Decision-Making: 
Assignment of priority weight and performance rating 
of agile attributes in linguistic terms  
Measurement of performance ratings and importance 
weights of agile attributes using linguistic terms 
 
Approximation of the linguistic terms by fuzzy numbers 
Determination of Fuzzy Agility Index 
Determination of Euclidean distance to match FAI with 
approximate agility level 
Determination of Euclidean distance to match FAI with 
approximate agility level 
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Table 3.22: Agility evaluation index system of MC product manufacturing (Yang and Li, 2002) 
 
I-Grade index II-Grade index III-Grade index 
MC enterprise organization 
management agility ( )1U   Information management agility ( )11U  Perfect degree of enterprise information system ( )111U   Network connection extensiveness ( )112U   
Information and network utilization rate ( )113U   
Inter-organization cooperative extent ( )12U  The degree of cooperating with other enterprises ( )121U   
The application degree of the VE ( )122U  
Produce organizing agility ( )13U  The space organizational form of the production process ( )131U  
The time organizational form of the production process ( )132U  
The agility of institutional framework ( )14U  The form of institutional framework ( )141U  
Speediness of team building ( )142U   
MC enterprise products design agility
( )2U  Customer demand information getting agility ( )21U  The way of demand information got ( )211U  The proportion of information processing time in products period ( )212U  
Speediness of product design ( )22U  The period of product design ( )221U  
The proportion of design period in products period ( )222U  
Product design flexibility ( )23U  The seriating degree of products ( )231U  
The similar degree of products structure ( )232U  
The universalization degree of the part ( )233U  
MC enterprise organization 
processing manufacture agility ( )3U  Re-configurable ( )31U  Packaging integrated unit modular ( )311U  
Supplement tool displacement ( )312U  
Displacement compatibility ( )313U  
The speed of manufacture ( )32U  The proportion of production and technology preparing time in products period ( )321U  
The period of manufacture ( )322U  
The proportion of manufacture period in products period ( )323U  
Manufacturing flexibility ( )33U  The universalization degree of the equipment ( )331U  
The scalable degree of the equipment ( )332U  
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Table 3.23: Definitions of linguistic variables for criteria ratings and priority weights  
(A-9 member linguistic term set)  
 
Linguistic terms  
(Attribute/criteria ratings) 
Linguistic terms  
(Priority weights)  Generalized interval-valued trapezoidal fuzzy numbers 
Absolutely Poor (AP) Absolutely Low (AL) [(0, 0, 0, 0; 0.8), (0, 0, 0, 0; 1)] 
Very Poor (VP) Very Low (VL) [(0, 0, 0.02, 0.07; 0.8), (0, 0, 0.02, 0.07; 1)] 
Poor (P) Low (L) [(0.04, 0.10, 0.18, 0.23; 0.8), (0.04, 0.10, 0.18, 0.23; 1)] 
Medium Poor (MP) Medium Low (ML) [(0.17, 0.22, 0.36, 0.42; 0.8), (0.17, 0.22, 0.36, 0.42; 1)]  
Medium (M) Medium (M) [(0.32, 0.41, 0.58, 0.65; 0.8), (0.32, 0.41, 0.58, 0.65; 1)]  
Medium Good (MG) Medium High (MH) [(0.58, 0.63, 0.80, 0.86; 0.8), (0.58, 0.63, 0.80, 0.86; 1)]   
Good (G) High (H) [(0.72, 0.78, 0.92, 0.97; 0.8), (0.72, 0.78, 0.92, 0.97; 1)] 
Very Good (VG) Very High (VH) [(0.93, 0.98, 1, 1; 0.8), (0.93, 0.98, 1, 1; 1)]   
Absolutely Good (AG) Absolutely High (AH) [(1, 1, 1, 1; 0.8), (1, 1, 1, 1; 1)] 
 
 
 
Table 3.31: Definitions of linguistic variables to identify agility level ratings (A-9 member linguistic term set) 
 
Linguistic terms  
(Attribute/criteria ratings) Generalized interval-valued trapezoidal fuzzy numbers 
Definitely Agile (DA) [(0.8, 0.9, 0.9, 1.0; 1), (0.8, 0.9, 0.9, 1.0; 1)]   
Extremely Agile (EA) [(0.7, 0.8, 0.8, 0.9; 1), (0.7, 0.8, 0.8, 0.9; 1)]    
Very Agile (VA) [(0.6, 0.7, 0.7, 0.8; 1), (0.6, 0.7, 0.7, 0.8; 1)] 
Highly Agile (HA) [(0.5, 0.6, 0.6, 0.7; 1), (0.5, 0.6, 0.6, 0.7; 1)] 
Agile (A) [(0.4, 0.5, 0.5, 0.6; 1), (0.4, 0.5, 0.5, 0.6; 1)] 
Fairly Agile (FA) [(0.3, 0.4, 0.4, 0.5; 1), (0.3, 0.4, 0.4, 0.5; 1)] 
Slightly Agile (SA) [(0.2, 0.3, 0.3, 0.4; 1), (0.2, 0.3, 0.3, 0.4; 1)] 
Lowly Agile (LA) [(0.1, 0.2, 0.2, 0.3; 1), (0.1, 0.2, 0.2, 0.3; 1)] 
Slowly (S) [(0.0, 0.1, 0.1, 0.2; 1), (0.0, 0.1, 0.1, 0.2; 1)] 
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3.2 Agility Appraisement in Grey Context  
This section aims at developing an efficient agility appraisement module in grey environment. 
Incorporation of the theory of grey relation, grey numbers, and grey possibility degree has been 
presented here to facilitate agility appraisement decision-making. 
 
3.2.1 Overview 
Agile Manufacturing is oriented toward low-volume/high mix, adding velocity and flexibility in the 
production process. It applies to environments where customized, configurable, or specialized 
orders, offer a competitive advantage. Agile Manufacturing requires an agile supply chain to 
function optimally. Towards successful implementation of agility, performance appraisal has 
become a key strategic consideration for the industrialists as well as business practitioners. An 
appraisement index system is essential to estimate existing agility extent in an industrial context/ 
organizational supply chain. To this end, present work highlights an efficient agility measurement 
platform using the concept of grey numbers theory. Detailed methodology has been illustrated and 
the said appraisement platform has been analyzed through an empirical study.   
 
3.2.2 Background and Problem Statement 
Changing customer and technological requirements force manufacturers to develop agile supply 
chain capabilities in order to be competitive. Therefore, several companies are stressing flexibility 
and agility in order to respond, real time, to the unique needs of customers and markets (Yusuf et 
al., 2004).  
Agility refers to the capability of an organization to respond quickly in accordance with the dynamic 
demands of the customers (Vinodh et al., 2010a, b, c, d). While implementing agility, evaluation of 
performance metric is indeed very important. Literature depicts extensive research attempted by 
pioneer researchers on agile system modeling as well as performance appraisement. 
Rachel and Denis (1999) provided a Route-Map indicating the steps to be taken in achieving supply 
chain agility in real world scenarios. Lin et al. (2006a, b) developed a fuzzy agility index (FAI) based 
on agility providers using fuzzy logic. The proposed FAI comprised attribute’ ratings and 
corresponding weights, and was aggregated by a fuzzy weighted average. To illustrate the efficacy 
of the method, the authors also evaluated the supply chain agility of a Taiwanese company. Kaveh et 
al. (2011) proposed a hybrid approach to measure the relative efficiency of agility in supply chains. 
First, a conceptual model including capabilities and providers of agility in supply chains was 
represented. Then, a supply chain was associated to a Decision Making Unit (DMU) which 
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consumed providers of agility to produce capabilities of agility. A Fuzzy Data Envelopment Analysis 
(FDEA) was proposed for measuring the efficiency of transformation process in which a given supply 
chain transforms providers of agility into capabilities of agility.  
Radfar et al. (2011) presented a model for evaluating agility in supply chain of two dominant 
telecommunication companies in Iran. To avoid any ambiguities which were caused by linguistic 
methods; in this evaluation model the authors used Fuzzy Inference System (FIS) which is neither 
stochastic nor random. Somuyiwa et al. (2011) analyzed the role of information system (IS) 
capabilities in achieving supply chain agility in manufacturing firms. The result revealed that an 
organization's supply chain agility through its information system capabilities had a positive 
influence on its supply chain performance. Karuppusami et al. (2011) proposed ‘TADS’ approach in 
achieving supply chain agility. Zandi and Tavana (2011) presented a novel structured approach to 
evaluate and select the best agile (electronic customer relationship management) e-CRM 
framework in a rapidly changing manufacturing environment. Tseng and Lin (2011) suggested a 
new agility development method for dealing with the interface and alignment issues among the 
agility drivers, capabilities and providers using the QFD relationship matrix and fuzzy logic. A Fuzzy 
Agility Index (FAI) for an enterprise composed of agility capability ratings and a total relation-weight 
with agility drivers was developed to measure the agility level of an enterprise. Vinodh et al. (2012) 
presented a thirty-criterion agility assessment model which could be utilized to measure agility and 
to identify the agile characteristics of organization. Thus, weak factors were identified, and 
proposals were suggested so as to enhance the organizational agility. 
Apart from fuzzy logic, grey relation theory has the capability to deal with incomplete, inconsistent 
and vague information against subjective evaluation criteria. Successful application of grey theory 
(exploration of grey numbers) has been found in literature (Li et al., 2007a, b; Li et al., 2010; Xu and 
Sasaki, 2004; Jadidi et al., 2008) in a variety of decision-making situations. Grey theory (Deng, 
1982), originally developed by Prof. Deng in 1982, has become a very effective method of solving 
uncertainty problems under discrete data and incomplete information. Grey theory has now been 
applied to various areas such as forecasting, system control; decision-making and computer 
graphics. The basic definitions regarding relevant mathematical background of grey system, grey 
set and grey number in grey theory were presented in the work by Xia (2000). 
Therefore, grey numbers theory has been adapted in this part of work to facilitate such a decision-
modelling in agile manufacturing context. The grey based appraisement platform presented here 
yields an overall grey performance index towards agility assessment in organizational supply chain 
and indentifies week performing areas for future improvement.  
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Fig. 3.4: The concept of a grey system 
 
 
3.2.3 Theory of Grey Numbers: Mathematical Basis  
Grey theory (Deng, 1982), originally developed by Prof. Deng in 1982, has become a very effective 
method of solving uncertainty problems under discrete data and incomplete information. Grey 
theory has now been applied to various areas such as forecasting, system control, decision-making 
and computer graphics. Here, we give some basic definitions regarding relevant mathematical 
background of grey system, grey set and grey number in grey theory. 
Definition 1: A grey system (Xia, 2000) is defined as a system containing uncertain information 
presented by grey number and grey variables. The concept of grey system is shown in Fig. 3.4. 
 
Definition 2: Let X be the universal set. Then a grey setG of X is defined by its two mappings
( ) [ ]
( ) [ ]

→
→
1,0:
1,0:
xx
xx
G
G
µ
µ
                                                                                                                            
 
 
( ) ( ) ,,, RXXxxx
GG
=∈≥ µµ
 
( )xGµ and ( )xGµ are the upper and lower membership functions in
G respectively. When ( ) ( )xx
GG
µµ = , the grey set G becomes a fuzzy set. It shows that grey theory 
considers the condition of fuzziness and can flexibly deal with the fuzziness situation. 
Definition 3: A grey number is one of which the exact value is unknown, while the upper and/or the 
lower limits can be estimated. Generally grey number is written as ( )µµGG =⊗ .     
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Definition 4: If only the lower limit ofG can be possibly estimated andG is defined as lower limit 
grey number. 
[ ]∞=⊗ ,GG
                                                                                                                                (3.65) 
 
Definition 5: If only the upper limit ofG can be possibly estimated andG is defined as lower limit 
grey number. 
[ ]GG ,∞−=⊗
                                                                                                                              (3.66) 
 
Definition 6: If the lower and upper limits ofG can be estimated and G  is defined as interval grey 
number. 
[ ]GGG ,=⊗
                                                                                                                                (3.67) 
 
Definition 7: The basic operations of grey numbers [ ]111 ,GGG =⊗ and [ ]222 ,GGG =⊗ can be 
expressed as follows: 
[ ]212121 , GGGGGG ++=⊗+⊗
                                                                                                (3.68) 
[ ]212121 , GGGGGG −−=⊗−⊗
                                                                                                (3.69) 
 
[ ] [ ]
( ) ( )[ ]2121212121212121
221121
,,,.,,,,.
,,
GGGGGGGGMaxGGGGGGGGMin
GGGGGG =×=⊗×⊗
                                           (3.70)                                                                                              
[ ] 





×=⊗÷⊗
22
1121
1
,
1
,
GG
GGGG
                                                                                             (3.71)
 
Definition 8: The length of grey number G⊗ is defined as: 
( ) [ ]GGGL −=⊗                                                                                                                          (3.72) 
Grey possibility degree is utilized to compare the ranking of grey numbers. 
 
Definition 9: For two grey numbers [ ]111 ,GGG =⊗ and [ ]222 ,GGG =⊗ , the possibility degree of
21 GG ⊗≤⊗ can be expressed as follows (Shi et al., 2005): 
{ } ( )
*
21
21
,0.
L
GGMaxGGP −=⊗≤⊗
                                                                                             (3.73)
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Here, ( ) ( ).21* GLGLL ⊗+⊗=  
 
For the position relationship between 1G⊗ and 2G⊗ , there exists four possible cases on the real 
number axis. The relationship between 1G⊗ and 2G⊗ are determined as follows: 
 
A. If 21 GG = and 21 GG = , we say that 21 GG ⊗=⊗ .Then { } .5.021 =⊗≤⊗ GGP  
 
B. If 12 GG = , we say that 2G⊗  is larger than 1G⊗ , denoted as 12 GG ⊗>⊗ .  
Then { } .121 =⊗≤⊗ GGP   
 
C. If 12 GG < , we say that 2G⊗  is smaller than 1G⊗ , denoted as 12 GG ⊗<⊗ , 
Then { } .021 =⊗≤⊗ GGP
 
 
D. If there is an intercrossing part in them, when { } ,5.021 =⊗≤⊗ GGP we say that 2G⊗  is 
larger than 1G⊗ denoted as ( ).12 GG ⊗>⊗ When { } 5.021 <⊗≤⊗ GGP we say that 2G⊗  is 
smaller than 1G⊗ , denoted as ( ).12 GG ⊗<⊗  
 
 
 
3.2.4 Proposed Appraisement Platform 
Agility evaluation has been made by the procedural framework as described as follows. The 
evaluation framework has been explored based on an agile capability-attribute-criterion hierarchy 
(Table 3.32) adapted from the work by Radfar et al., (2011). An approach based on the concept of 
grey numbers as well as grey possibility degree has been utilized to evaluate an overall agility 
metric.  
In order to deal with subjective performance estimates as well as priority weights of various agile 
elements (parameters), linguistic variables have been utilized; represented further by transforming 
into grey numbers. Here, these linguistic variables corresponding to priority weight assignment w⊗
have been expressed in grey numbers by 1-7 scale as shown in Table 3.33. The criterion ratings
G⊗ can be also expressed in grey numbers by 1-7 scale shown in Table 3.34.  
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1 Determination of the appropriate linguistic scale for assessing the performance ratings of 
agile criterions and importance weights of agile criterions-attributes-capabilities 
The linguistic terms (Tables 3.33-3.34) have been used to assess the performance ratings and 
priority weights of agile criteria-attributes since vagueness is associated with individuals’ subjective 
opinion, it is found difficult for the decision-makers to determine the exact numeric score against a 
vague attribute. To assign importance weights (priority degree) of the agile capabilities-attributes 
and criterions, the linguistic variables {Very Low (VL), Low (L), Medium Low (ML), Medium (M), 
Medium High (MH), High (H), Very High (VH)} have been utilized (Table 3.33). In order to assess 
the performance rating of the agile criterions from Table 3.32 (3rd level indices), the seven linguistic 
variables {Very Poor (VP), Poor (P), Medium Poor (MP), Medium (M), Medium Good (MG), 
Good (G), Very Good (VG)} have been used (Table 3.34).  
 
2 Measurement of performance ratings against each of the agile criterions and importance 
weights of agile capabilities-attributes-criterions using linguistic terms 
After the linguistic variables for assessing the performance ratings and importance weights of agile 
parameters has been assumed accepted by the decision-makers (DMs), the expert team has been 
requested to use aforesaid linguistic scales to assess the performance rating as well as to assign 
importance weights (Appendix: Tables 3.35-3.38). 
 
3 Approximation of the linguistic terms by grey numbers 
Decision-makers subjective judgment has been transformed into grey numbers. Assume that a 
decision-making group has K  members; then the criterion weight of criterion jQ can be calculated 
as: 
[ ]Kjjjj wwwKw ⊗++⊗+⊗=⊗ ...
1 21
                                                                                            (3.74)
 
Here ( )njwKj ...,,2,1=⊗ is the attribute weight of thk DM and can be described by grey number
[ ]., KjKjKj www =⊗  
Linguistic variables for the ratings to make attribute rating value have been converted into grey 
numbers. Then the rating value can be calculated as: 
[ ]Kijijijij GGGKG ⊗++⊗+⊗=⊗ ...
1 21
                                                                                           (3.75)
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Here ( )njmiG Kij ...,,2,1;...,,2,1 ==⊗ is the attribute rating value of thK  DM and can be described by 
grey number [ ]KijKijKij GGG ,=⊗ . 
 
4 Determination of OGPI 
OGI represents Overall Grey Performance Index. The grey index has been calculated at the criteria 
level; then extended to the attribute level and finally to the enabler (capability) level. Grey index 
system at 2nd level encompasses several agile attributes.   
The grey index of 2nd level green attributes can be calculated as follows: 
 
( )
∑
∑
=
=
⊗
=
n
k
kji
n
k
kjikji
ji
w
Uw
U
1
,,
1
,,,,
,
                                                                                                              (3.76) 
Here kjiU ,, represent aggregated grey performance measure (rating) and kjiw ,, represent aggregated 
grey weight corresponding to agile criterion kjiC ,, which is under thj agile attribute (at 2nd level) and thi
agile capability (at 1st level).  
The grey index of each agile capability/enabler (at 1st level) has been calculated as follows: 
( )
∑
∑
=
=
⊗
=
n
j
ji
n
j
jiji
i
w
Uw
U
1
,
1
,,
                                                                                                                    (3.77) 
Here jiU , represent computed grey performance measure (rating) obtained using Eq. 3.76 and jiw ,
represent aggregated grey weight for priority importance corresponding to thj agile attribute jiC ,  
which is under thi agile capability (at 1st level).  
Thus, overall grey performance index ( )OGPIU  has been calculated as follows: 
( )
( )
∑
∑
=
=
⊗
=
n
i
i
n
i
ii
w
Uw
OGPIU
1
1
                                                                                                             (3.78) 
Here =iU Computed grey performance rating of thi agile capability iC  (computed by Eq. 3.77); 
=iw Aggregated grey weight of thi agile capability, and ni ,...3,2,1= . 
  
132 
 
Aggregated grey performance ratings as well as aggregated weight against each of the agile 
criterions (at 3rd level) have been obtained (Appendix: Table 3.39). The grey appropriateness 
ratings of different agile attributes (at 2nd level) with corresponding aggregated weight have been 
computed next (Appendix: Table 3.40). Similarly computed grey appropriateness ratings of different 
agile capabilities (at 1st level) with corresponding aggregated weight have thus been obtained 
(Appendix: Table 3.41). Finally, Eq. 3.78 has been explored to calculate overall agile estimate.  
The OGPI thus becomes: [2.183, 18.420] 
After evaluating OGPI and the organizational existing agility extent, simultaneously it is also felt 
indeed necessary to identify and analyze the obstacles called agile barriers (ill-performing areas). 
Grey Performance Importance Index (GPII) may be used to identify these obstacles. GPII combines 
the performance rating and importance weight of agile criterions. The higher the GPII of a factor, the 
higher is the contribution. The GPII can be calculated as follows: 
 
kjikjikji UwGPII ,,
'
,,,,
⊗=                                                                                                                (3.79) 
Here, ( )[ ]kjikji ww ,,' ,, 1,1 −=                                                                                                             (3.80) 
 
In this formulation, kjiU ,, represent aggregated grey performance measure (rating) and kjiw ,,
represent aggregated grey weight corresponding to agile criterion kjiC ,, which is under thj agile 
attribute (at 2nd level) and thi agile capability (at 1st level).  
 
GPII need to be ranked to identify individual criterion performance level. Based on that poorly 
performing criterions are identified and in future, attention must be given to improve those criteria 
aspects in order to boost up overall leanness degree.   
 
Grey Performance Importance Index (GPII) has been computed against each of the agile criterion 
and furnished in Table 3.42. The concept of ‘grey possibility’ degree has been explored to identify 
ill-performing areas towards successful agile implementation practices. Grey possibility degree 
between GPII of individual agile criterion has thus been computed with reference to the ‘ideal GPII’ 
value [2.52, 4.80]. Lesser value of grey possibility degree corresponds to higher degree of 
performance. In other words, well performing attributes can be said to contribute more to the overall 
grey performance estimate. By this way, agile criterions have been ranked accordingly (Table 3.42) 
and thus, improvement opportunities have been verified.   
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3.2.5 Concluding Remarks 
Agile paradigm has become an important avenue in recent times. Many organizations around the 
world have been attempting to implement agile concepts. The agility metric is an important indicator 
in agile performance measure. Aforesaid study aimed to develop a quantitative analysis framework 
and a simulation methodology to evaluate the efficacy of agile practices by exploring the concept of 
grey numbers. The procedural hierarchy presented here could help the industries to assess their 
existing agile performance extent, to compare and to identify week-performing areas towards 
implementing agility successfully. 
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Table 3.32: Supply chain agility appraisement framework (Radfar et al., 2011) 
 
Goal 
1st level indices 
(capabilities/enablers) iC  
2nd level indices 
(attributes) ijC  
3rd level indices 
(criterions) ijkC  
Supply chain 
agility extent  
Cost 1C  
Sourcing cost 11C  Sourcing cost 111C  
Inventory cost 12C  Inventory cost 121C  
Costs incurred by lack of 
financial resources 13C  
Costs incurred by lack of 
financial resources 131C  
Importing costs 14C  
Cost of time spent in 
customers 141C  
Time spent for LC back 
account 142C  
Competency 2C   
Supplier competency 21C  
Number of suppliers 211C  
Number of components 
purchased per suppler
212C  
Service competency 22C   
New product introduction
221C  
Quality of products or 
services 222C  
Time of new product 
development 223C  
Sales forecast 224C   
Customer competency
23C   
Customer competency
231C  
Responsiveness and 
Quickness 3C   
Supplier responsiveness 
and quickness 31C  
Prolonged pre-closure 
plan 311C   
Supplier capacity 312C  
Service responsiveness 
and quickness 32C  
Infrastructure deficit 321C   
Compatibility with existing 
bed level 322C  
Customer 
responsiveness and 
quickness 33C  
Long term relationship 
with customers 331C  
Reliability of products
332C  
Flexibility 4C   
Supplier flexibility 41C  
Number of suppliers 
selected per component
411C  
Relationship with 
competitors 412C  
Service flexibility 42C  Number of products 
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manufactured 421C   
Market penetration 422C  
Unscheduled jobs 423C  
Customer flexibility 43C  Delivery time 431C  
 
Table 3.33: The scale of attribute weights 
 
Scale Grey weight 
Very Low (VL) [0.0, 0.1] 
Low (L) [0.1, 0.3] 
Medium Low (ML) [0.3, 0.4] 
Medium (M) [0.4, 0.5] 
Medium High (MH) [0.5, 0.6] 
High (H) [0.6, 0.9] 
Very High (VH) [0.9, 1.0] 
 
 
Table 3.34: The scale of attribute ratings  
 
Scale Grey rating 
Very Poor (VP) [0, 1] 
Poor (P) [1, 3] 
Medium Poor (MP) [3, 4] 
Medium (M) [4, 5] 
Medium Good (MG) [5, 6] 
Good (G) [6, 9] 
Very Good (VG) [9, 10] 
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Table 3.42: Computation of GPII and corresponding agile criteria ranking 
  
3rd level indices 
(criterions) ijkC  
ijkijk ww −= )1,1('  ijkijk UwGPII ⊗= '  Grey possibility 
degree 
Ranking order 
C111 [0.10, 0.40] [0.90,4.00] 0.7249 6 
C121 [0.08, 0.34] [0.48,3.06] 0.8888 13 
C131 [0.28, 0.46] [2.184,4.416] 0.5797 3 
C141 [0.10, 0.40] [0.520,2.640] 0.9727 16 
C142 [0.26, 0.48] [1.092,2.496] 1.0000 17 
C211 [0.30, 0.48] [2.520,4.704] 0.5107 1 
C212 [0.08, 0.34] [0.448, 2.652] 0.9705 15 
C221 [0.22, 0.44] [1.320, 3.960] 0.7073 5 
C222 [0.10, 0.40] [0.600,3.600] 0.7954 10 
C223 [0.04, 0.22] [0.288, 2.068] 1.0000 17 
C224 [0.10, 0.40] [0.480, 2.480] 1.0000 17 
C231 [0.08, 0.34] [0.400,2.040] 1.0000 17 
C311 [0.28, 0.46] [1.680, 4.140] 0.6582 4 
C312 [0.08, 0.34] [0.720, 3.40] 0.8225 11 
C321 [0.10, 0.4] [0.600,3.600] 0.7954 10 
C322 [0.06, 0.28] [0.504,2.744] 0.9504 14 
C331 [0.46, 0.56] [1.932, 2.912] 0.8797 12 
C332 [0.16, 0.42] [0.576, 1.932] 1.0000 17 
C411 [0.08, 0.34] [0.48, 3.060] 0.8888 13 
C412 [0.08, 0.34] [0.480, 3.060] 0.8888 13 
C421 [0.26, 0.48] [2.340, 4.800] 0.5189 2 
C422 [0.10, 0.40] [0.720, 3.760] 0.7669 9 
C423 [0.16, 0.42] [1.056, 3.864] 0.7358 7 
C431 [0.10, 0.40] [0.780, 3.840 0.7528 8 
C432 [0.04, 0.22] [0.184, 1.232] 1.0000 17 
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3.3 Case Applications in Indian Perspective  
3.3.1 Overview  
Agility metrics are difficult to define, mainly due to the multidimensionality and vagueness of the 
concept of agility. In this work, a fuzzy logic, knowledge-based framework has been presented for 
the assessment of an enterprise’s agility; in Indian perspectives. Apart from estimating overall agility 
appraisement index; the study has been extended to identify agile barriers (obstacles towards 
achieving agility). The proposed appraisement module has been case studied in Indian enterprises: 
(i) automobile part manufacturing industry and (ii) railway construction. Data obtained thereof, has 
been critically analyzed to reveal the current scenario of existing agile practices of the said 
enterprises and to seek for ill-performing areas which need future improvement. 
Literature reveals that attempts have been made by pioneer researchers towards assessing agility. 
However, due to existence of imprecise incomplete evaluation information; it seems difficult to 
estimate an overall numeric score to represent the agility degree. Therefore, it requires subjective 
judgment collected from a highly experienced decision-making group to facilitate such an 
approximate estimation. Generalized trapezoidal fuzzy numbers set theory has been adapted here.      
 
 
3.3.2 Background on Fuzzy Mathematics: Generalized Triangular Fuzzy Numbers 
In order to deal with vagueness in human thought, Zadeh (1965) first introduced the fuzzy set 
theory, which has the capability to represent/manipulate data and information possessing based on 
non-statistical uncertainties. Moreover fuzzy set theory has been designed to mathematically 
represent uncertainty and vagueness and to provide formalized tools for dealing with the 
imprecision inherent to decision making problems. Some basic definitions of fuzzy sets, fuzzy 
numbers and linguistic variables are reviewed from (Zadeh, 1975; Buckley, 1985; Negi, 1989; 
Kaufmann and Gupta, 1991).  The basic definitions and notations below will be used throughout this 
thesis until otherwise stated. 
 
1 Definitions of fuzzy sets: 
Definition 1: A fuzzy set A~ in a universe of discourse X is characterized by a membership function 
( )xA~µ which associates with each element x in X a real number in the interval [ ]1,0 . The function 
value ( )xA~µ is termed the grade of membership of x in A~  (Kaufmann and Gupta, 1991). 
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Definition 2: A fuzzy set A~ in a universe of discourse X is convex if and only if 
( ) ( ) ( )( )2~1~21~ ,min)1( xxxx AAA µµλλµ ≥−+                                                                             (3.81) 
For all 21 , xx in X  and all [ ]1,0∈λ , where min denotes the minimum operator (Klir and Yuan, 1995). 
  
Definition 3: The height of a fuzzy set is the largest membership grade attained by any element in 
that set. A fuzzy set A~ in the universe of discourse X is called normalized when the height of A~ is 
equal to 1 (Klir and Yuan, 1995).  
 
2 Definitions of fuzzy numbers: 
Definition 1: A fuzzy number is a fuzzy subset in the universe of discourse X that is both convex 
and normal. Fig. 3.5 shows a fuzzy number n~  in the universe of discourse X that conforms to this 
definition (Kaufmann and Gupta, 1991).  
 
Fig. 3.5: A fuzzy number n~  
Definition 2: The α -cut of fuzzy number n~  is defined as: 
 
( ){ }Xxxxn iini ∈≥= ,:~ ~ αµα ,                                                                                                    (3.82) 
Here [ ]1,0∈α .  
The symbol αn~ represents a non-empty bounded interval contained in X , which can be denoted by
[ ]ααα ul nnn ,~ = , αln and αun are the lower and upper bounds of the closed interval, respectively 
(Kaufmann and Gupta, 1991; Zimmermann, 1991). For a fuzzy number n~ , if 0>αln and 1≤αun for all
[ ]1,0∈α , then n~  is called a standardized (normalized) positive fuzzy number (Negi, 1989). 
 
Definition 3: Suppose, a positive triangular fuzzy number (PTFN) is A~
 
and that can be defined as 
( )cba ,,
 
shown in Fig. 3.6. The membership function ( )xn~µ is defined as: 
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( )
( ) ( )
( ) ( )





≤≤−−
≤≤−−
=
,,0
,,
,,
~
otherwise
cxbifbcxc
bxaifabax
xAµ                                                                                    (3.83) 
 
 
Fig. 3.6: A triangular fuzzy number A~
 
 
Based on extension principle, the fuzzy sum ⊕  and fuzzy subtraction Θ  of any two triangular fuzzy 
numbers are also triangular fuzzy numbers; but the multiplication ⊗  of any two triangular fuzzy 
numbers is only approximate triangular fuzzy number (Zadeh, 1975). Let’s have a two positive 
triangular fuzzy numbers, such as ( ),,~ 11,11 cbaA =  and ( ),,,~ 2222 cbaA =  and a positive real number 
( ),,, rrrr =  some algebraic operations can be expressed as follows: 
( )21212121 ,,~~ ccbbaaAA +++=⊕                                                                                             (3.84) 
( ),,,~~ 21212121 ccbbaaAA −−−=Θ                                                                                        (3.85) 
( ),,,~~ 21212121 ccbbaaAA =⊗                                                                                                          (3.86) 
( ),,,~ 1111 rcrbraAr =⊗                                                                                                                   (3.87) 
1
~A Ø ( ),,,~ 2121212 acbbcaA =                                                                                                     (3.88) 
The operations of (max)∨  and (min)∧ are defined as: 
( ) ( ),,,~~ 21212121 ccbbaaAA ∨∨∨=∨                                                                                             (3.89) 
( ) ( ),,,~~ 21212121 ccbbaaAA ∧∧∧=∧                                                                                             (3.90) 
Here, ,0>r and ,0,, 111 >cba  
Also the crisp value of triangular fuzzy number set 1
~A
 can be determined by defuzzification which 
locates the Best Non-fuzzy Performance (BNP) value. Thus, the BNP values of fuzzy number are 
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calculated by using the center of area (COA) method as follows: (Moeinzadeh and Hajfathaliha, 
2010) 
BNPi = 
( ) ( )[ ]
,,
3 i
a
abac ∀+−+−                                                                                 (3.91)  
Definition 4: A matrix D~ is called a fuzzy matrix if at least one element is a fuzzy number (Buckley, 
1985). 
 
3 Linguistic variables: 
Definition 1: A linguistic variable is the variable whose values are not expressed in numbers but 
words or sentences in a natural or artificial language, i.e., in terms of linguistic (Zadeh, 1975). The 
concept of a linguistic variable is very useful in dealing with situations, which are too complex or not 
well defined to be reasonably described in conventional quantitative expressions (Zimmermann, 
1991).  For example, ‘weight’ is a linguistic variable whose values are ‘very low’, ‘low’, ‘medium’, 
‘high’, ‘very high’, etc. Fuzzy numbers can also represent these linguistic values. 
  
4 DOS between two generalized fuzzy numbers 
While assessing agility in fuzzy environment, agile criterions need to be ranked based on their 
performance rating. The ranking order thus obtained provides sufficient information of the current 
agile practices in relation to the said enterprise. As performance ratings are expressed in terms of 
fuzzy numbers; exploration of the concept of ‘fuzzy numbers ranking’ is indeed required towards 
obtaining criteria ranking order. As a result ill-performing criterions (agile barriers) can be identified 
easily. Generalized fuzzy numbers (triangular or trapezoidal fuzzy numbers) can be ranked based 
on individual utility values computed using the theory of ‘maximizing set and minimizing set’ (Kim 
and Park, 1990; Liou and Wang, 1992; Wang and Luo, 2009; Chou et al., 2011). The concept of 
fuzzy degree of similarity has already been proposed as an alternative mean towards ranking of 
Generalized Interval-Valued Fuzzy Numbers (GIVFNs) discussed in Section 3.1.2 of this chapter. 
Here, question arises, can’t we use the concept of degree of similarity for obtaining ranking order of 
generalized fuzzy numbers. This may help in identifying agile barriers. After an exhaustive search in 
available literature, it has been found that the concept of DOS do exists for generalized fuzzy 
numbers also. A variety of concepts, computation methodology, and equation has been proposed 
by pioneers in order to compute DOS between two generalized fuzzy numbers. These have been 
presented below. These equations represent for computing DOS between two trapezoidal fuzzy 
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numbers. These can also be utilized in case of triangular fuzzy numbers because a triangular fuzzy 
number can be easily approximated and represented by a trapezoidal fuzzy number.  
In the case study in automobile sector, the theory behind fuzzy numbers ranking by ‘maximizing set 
and minimizing set’ has been explored towards indentifying agile barriers; while in the case study 
conducted in railway construction, DOS computation concepts by (Chen, 1996; Hsieh and Chen, 
1999; Chen and Chen, 2003b; Yong et al., 2004) have been explored in order to identify various 
agile barriers. 
For any two generalized trapezoidal fuzzy numbers, 
( )4321 ,,,~~ aaaaA =  and ( )4321 ,,,~~ bbbbB =  
1. The similarity measure (Chen, 1996) 
4
1
~
~
,
~
~
4
1
∑
=
−
−=



 i
ii ba
BAS
                                                                                                             (3.92)
 
2. In (Hsieh and Chen, 1999) 




+
=

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
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BAd
BAS
~
~
,
~
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                                                                                                                (3.93) 
Here 
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
6
22~~ 4321 bbbbBP +++=
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


                                                          (3.94)
 
3. Simple centre of gravity method (Chen and Chen, 2003b) 
The SCGM is based on the concept of medium curve (Subasic and Hirota, 1998). The SCGM 
method integrates the concepts of geometric distance and the COG distance of GFN’s. If the GFN’s 
are ( )
A
waaaaA ~
~4321 ;,,,
~
~
=  and ( )
B
wbbbbB ~
~4321 ;,,,
~
~
=  and 
10 4321 ≤≤≤≤≤ aaaa and .10 4321 ≤≤≤≤≤ bbbb
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Here, 
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1414 ; bbSaaS BA −=−=
                                                                                                              (3.99) 
4. The radius of gyration based similarity measure (Yong et al., 2004) 
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Here 
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5. Similarity measure based on geometric mean averaging operator (Chen, 2006) 
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Here *~
~
*
~
~
,
BA
yy are given by Eq. 3.97. 
6. Fuzzy similarity measure proposed by (Sridevi and Nadarajan, 2009) 
(Sridevi and Nadarajan, 2009) presented a new similarity measure based on fuzzy difference of 
distance of points of fuzzy numbers rather than geometric distances used by the existing methods.  
The membership function to measure the difference in distance of points of two GFN’s is defined as 
( )



 ≤≤−
=
.,0
0,1
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dx
d
x
xdµ
                                                                                                            (3.200)
 
Here 10 ≤< d and .ii bax −= The degree of similarity of two GFN’s A
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( )
BA
SSB ~
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,  is 0 or 1 according as COG point is considered or not and *~
~
*
~
~
*
~
~
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~
,,,
BABA
yyxx are given in Eqs. 
3.96-3.97. 
 
 
3.3.3 Appraisement Modelling and Procedural Framework Adapted  
A fuzzy based performance appraisement module in agile manufacturing proposed in this work has 
been presented below. General Hierarchy Criteria (GHC) for evaluating overall organizational agility 
degree, adapted here has been shown in Table 3.43. It consists of three-level index system; which 
aims at achieving the target to evaluate overall appraisement index. 1st level lists out a number of 
agile capabilities/ enablers; 2nd level comprises of various agile attributes and the 3rd level illustrates 
agile criterions. Procedural steps for agility evaluation have been presented as follows: 
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1. Selection of linguistic variables towards assigning priority weights (of individual agile 
capabilities/attributes as well as criterions) and appropriateness rating (performance extent) 
corresponding to each 3rd level agile criterions. 
2. Collection of expert opinion from a selected decision-making group (subjective judgment) in order 
to express the priority weight as well as appropriate rating against each of the evaluation indices. 
3. Representing decision-makers’ linguistic judgments using appropriate fuzzy numbers set. 
4. Use of fuzzy operational rules towards estimating aggregated weight as well as aggregated rating 
(pulled opinion of the decision-makers) for each of the selection criterion. 
5. Calculation of computed performance rating of 2nd level attributes and 1st level agile capabilities 
and finally overall agility performance index called Fuzzy Performance Index (FPI). 
 
Appropriateness rating for each of the 2nd level attributes ijU (rating of thj attribute under thi agile 
capability) has been computed as follows: 
 
∑
∑ ⊗
=
kw
wU
U
ij
ijkijk
ij                                                                                                                     (3.202) 
In this expression (Eq. 3.202) ijkU is denoted as the aggregated fuzzy appropriateness rating against
thk criterion under thj  agile attribute (at 2nd level) which is under thi agile capability in the 1st level. ijkw
is the aggregated fuzzy weight against thk agile criterion under thj  agile attribute (at 2nd level) which 
is under thi agile capability in the 1st level.  
 
Appropriateness rating for each of the 1st level capability iU  (rating of thi agile capability) has been 
computed as follows: 
 
∑
∑ ⊗
=
ij
ijij
i
w
wU
U
                                                                                                                      (3.203) 
In this expression (Eq. 3.203) ijU is denoted as the computed fuzzy appropriateness rating against
thj  agile attribute (at 2nd level) obtained using (Eq. 3.202) which is under thi main criterion in the 1st 
level. ijw is the aggregated fuzzy weight against thj  agile attribute (at 2nd level) which is under thi
main criterion in 1st level.  
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The Fuzzy Performance Index (FPI) (also called Fuzzy Agility Index) has been computed as: 
( )
∑
∑ ⊗
=
i
ii
w
wU
FPIU
                                                                                                                (3.204) 
In this expression (Eq. 3.204) iU is denoted as the computed fuzzy appropriateness rating 
(obtained using Eq. 3.203) against thi agile capability at 1st level. iw is the aggregated fuzzy priority 
weight against thi agile capability in 1st level. 
6. Investigation for identifying ill-performing areas those seek for future improvement.   
 
 
3.3.4 Agility Appraisement in Automotive Sector 
The course towards conducting a cross-sectional study, which has been aimed at exploring the role 
various agile practices in Indian industries; the proposed appraisement module has been case 
studied in a famous automobile part manufacturing industry located at eastern part of India. In the 
primary stage, after extensive literature review and periodic discussions with the industries top 
management, an integrated hierarchy model towards agility assessment has been constructed and 
made for ready to implement. The model encompasses of various agile capabilities/ attributes as 
well as agile criterions. An evaluation team consisting of five experts has been deployed to assign 
priority weights (importance extent) against different agile capabilities/ attributes as well as agile 
criterions considered in the proposed appraisement model. A questionnaire has been formed and 
circulated among the decision-makers (experts) to provide the required detail. The decision-makers 
have been the employees of the said enterprise. 100 questionnaires have been circulated among 
them and out of 100, 80 respondents’ opinions (80%) have been received. During data gathering it 
has been assured that the data would be strictly used for academic purpose only. Therefore, 
experts were requested to provide personal opinion (without any biasness) based on their 
experience. The outcome of this survey might be of enormous help to industries for improving 
productivity and profitability of companies; if implemented in reality.  
Collected data has been explored to investigate application feasibility of the proposed appraisement 
platform. After critical investigation and scrutiny each decision-maker has been instructed to explore 
the linguistic scale (Table 3.44) towards assignment of priority weight and appropriateness rating 
against each evaluation indices. Tables 3.45-3.47 (furnished in Appendix) provide subjective 
judgment of the evaluation team members expressed through linguistic terms in relation to weight 
assignment against various agile capabilities-attributes as well as criterions. Appropriateness rating 
(subjective score as given by the 80 decision-makers) for 3rd level agile criterions has been 
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furnished in (Appendix: Table 3.48). These linguistic expressions (human judgment) have been 
converted into appropriate generalized triangular fuzzy numbers as presented in Table 3.44. The 
method of simple average has been used to obtain aggregated priority weights of 3rd level agile 
criterions, 2nd level agile attributes as well as 1st level agile capabilities (Appendix: Tables 3.49-
3.51). Similarly aggregated fuzzy appropriateness rating has been obtained for 3rd level criterions 
and shown in (Appendix: Table 3.49). Computed fuzzy performance ratings for 2nd level agile 
attributes and then 1st level agile capabilities have thus been obtained by using Eqs. 3.202-3.203 
and tabulated in (Appendix: Tables 3.50-3.51). Finally, Eq. 3.204 has been used to obtain overall 
FPI. The FPI thus obtained as: U= (0.08, 0.68, 4.51). 
The FPI may be compared with a predefined performance estimation scale set by the management 
to check the current performance practices for the suppliers’. Thus, ill-performing areas have been 
sorted out and in future said enterprise should think of feasible means towards improvement of 
overall agility degree. 
The concept of ‘Ranking of fuzzy numbers with maximizing set and minimizing set’ has been 
adapted here to identify ill-performing areas of agile performance. 3rd level agile criteria have been 
ranked based on their individual Fuzzy Performance Importance Index (FPII) [Lin et al., 2006]. It 
has been computed as follows: 
 
[ ] ijkijkk UwFPII ⊗−= 1                                                                                                               (3.205) 
Here kFPII is denoted as the Fuzzy Performance Importance Index of thk agile criterion; whose 
aggregated performance rating is ijkU and aggregated priority weight ijkw .  
 
In this computation, three types of decision-makers risk bearing attitude ( )1,5.0,0 === ααα [risk 
averter, neutral and risk lover] have been explored to estimate overall utility score αTu  against each 
3rd level agile criterions. The criterion with higher utility degree is assumed to have top ranking 
order. Thus, agile criterions have been ranked accordingly (Table 3.52). 
This provides a snapshot of the existing agile scenario of the said organization. Table 3.52 provides 
necessary means for identifying agile barriers which require future improvement from managerial 
viewpoint. Proper action plans need to be taken by the top management in order to boost up overall 
organizational agility extent.  
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Table 3.43: The proposed agility appraisement model (3-level index system hierarchy) 
 
Sl. No. 
Level 1 
indices (agile 
capabilities/e
nablers) 
Level 2 indices (agile attributes) Level 3 indices (agile criterions)  
1. 
Organization 
management 
agility C1 
Agility in institutional framework C11 
Existence of a well-defined system architecture to promote agility C111 
Establishing a physically distributed manufacturing architecture precisely in 
a stable state C112 
Ability to rapidly set up the entire organization adaptable to new method of  
operation C113 
Frequency of enterprise modelling C114 
Adaptability of best practices in other organizations by benchmarking C115 
Application of business process reengineering (BPR) for reinventing and 
reengineering the organization C116 
Good housekeeping practices C117 
Team building agility C12 
Speed of the team building C121 
Formation of team across company borders C122 
Use of interdisciplinary teams by organizing themselves to take the 
advantages of market opportunities C123 
Empowerment of personnel to resolve customer and process related 
problems C124 
Production organizing agility C13 
Adoption of  Concurrent  Engineering (CE) C131 
Identification of market for new products C132 
Degree of innovation and new product development (NPD) techniques that 
calls for uniqueness and novelty in the product C133 
Degree of automation applied to manufacturing C134 
Degree of automation in inspection systems C135 
2. 
Product   
Design Agility 
C2 
Product design flexibility C21 
Management’s interest towards evolving new product models C211 
Extent of inculcation of innovation into product design C212 
Degree of Recycling orientation during  product  design C213 
The serating degree of the product C214 
Degree of standardization and commonality C215 
Speed  at  which  suppliers  are  being  developed   for new  products C216 
Similarity of  the product structure C217 
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Table 3.43 (Continued)  
Sl. No. Level 1 indices (agile 
capabilities/enablers) Level 2 indices (agile attributes) Level 3 indices (agile criterion) 
  
 
Preparedness of the management to invest on latest design 
techniques like RP and CAD/CAM C218 
Products incorporated with modular design C219 
Customer demand information 
agility C22 
 
Swiftness in obtaining demand information C221 
Extent of customer satisfaction orientation C222 
The proportion of information processing time in product period C223 
Product Design speed C23 
Time for product development cycle time C231 
Design selection that minimizes the no of parts C232 
Design lead time C233 
3. 
Processing 
manufacture agility 
C3 
Reconfigurability of manufacturing 
system C31 
Capability of packaging the integrated unit in a modular fashion C311 
Supplement tool displacement C312 
Displacement compatibility C313 
Displacement of process variety C314 
Design for manufacturing and assembly C315 
Speed of manufacturing C32 
Period of both inter-lot and in-lot set up time C321 
Speed of material handling systems C322 
Leadership in the use of current technology C323 
The overall period of product manufacture C324 
The proportion of manufacturer period in products period C325 
Manufacturing flexibility C33 
Flexible material handling equipment C331 
The universal degree of equipment C332 
The scalable degree of equipment C333 
Flexibility of equipment C334 
4. 
Partnership 
formation capability 
C4 
Inter-organization co-ordination C41 
Degree of enterprise integration C411 
Degree of cooperation with other enterprise C412 
Reliable network of suppliers C413 
Adoption of SCM concepts for enhancing the outsourcing efficiency 
C414 
Cross-border Collaboration C42 
Strategic relationship with customers C421 
Speed of development of products jointly with other companies C422 
Trust based relationship C423 
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Table 3.44: Linguistic scale towards estimating priority weight and assignment of performance rating 
 
VH H M L VL 
Very  High High Middle Low Very Low 
(0.75, 1, 1) (0.5, 0.75, 1) (0.25, 0.5, 0.75) (0, 0.25, 0.5) (0, 0, 0.25) 
 
 
 
 
 
 
 
 
Speed of partnership formation C424 
Collaboration among partners C425 
Formation of Virtual manufacturing enterprise(VME) C426 
5. 
Integration of 
Information system 
C5 
Information management agility 
C51 
Interoperability and Networking C511 
Ability to exchange information C512 
Utilizing artificial intelligence(AI) with computer aided design C513 
Correctness and accuracy of data C514 
Maintenance information system C515 
Companywide integration of information system C516 
IT application to eliminate paper work C517 
Adoption of multimedia technology C518 
Speed of information C52 Information and network utilization rate C521 Utilization of electronic data exchange system (EDI) C522 
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Table 3.52: Ranking of agile criterions exploring the concept of ‘maximizing set and minimizing set’ in fuzzy set theory 
 
3rd level indices 
(criterions) ijkC  
ijkijk ww −= )1,1,1('  FPII= [ ] ijkijkijk Uww ⊗−= )1,1,1('  0=αTU
 
Rank 5.0=α
TU
 
Rank 1=α
TU
 
Rank 
C111 (0,0.15,0.4) (0,0.11, 0.38) 0.0936 22 0.3253 28 0.5569 24 
C112 (0,0.25,0.5) (0,0.17,0.47) 0.1348 6 0.5182 4 0.9015 1 
C113 (0,0.15, 0.4) (0,0.1,0.35) 0.0883 29 0.3123 35 0.5363 33 
C114 (0,0.25,0.5) (0,0.15, 0.41) 0.1234 13 0.5076 19 0.8917 17 
C115 (0,0.1,0.35) (0,0.07, 0.3) 0.0623 45 0.2265 56 0.3907 56 
C116 (0,0.1,0.35) (0,0.06, 0.3) 0.0600 48 0.2214 58 0.3828 58 
C117 (0,0.2,0.45) (0,0.13,0.4) 0.1108 16 0.4055 22 0.7002 19 
C121 (0,0.25, 0.5) (0,0.18,0.45) 0.1357 5 0.5158 6 0.8958 5 
C122 (0,0.15, 0.4) (0,0.11,0.36) 0.0913 25 0.3175 32 0.5436 29 
C123 (0,0.15, 0.4) (0,0.1,0.33) 0.0849 33 0.3033 40 0.5217 39 
C124 (0,0.25,0.5) (0,0.16, 0.42) 0.1257 12 0.5095 16 0.8932 13 
C131 (0,0.15,0.4) (0,0.1,0.34) 0.0839 35 0.3033 40 0.5227 38 
C132 (0,0.25,0.5) (0,0.17, 0.43) 0.1299 10 0.5124 11 0.8949 7 
C133 (0,0.1,0.35) (0,0.07, 0.31) 0.0653 42 0.2339 52 0.4025 52 
C134 (0,0.1,0.35) (0,0.07, 0.3) 0.0626 44 0.2276 55 0.3927 55 
C135 (0,0.2,0.45) (0,0.13, 0.39) 0.1076 18 0.3998 25 0.6920 22 
C211 (0,0.25, 0.5) (0,0.18,0.45) 0.1366 4 0.5164 5 0.8963 4 
C212 (0,0.15, 0.4) (0,0.11, 0.36) 0.0920 24 0.3187 31 0.5454 28 
C213 (0,0.15, 0.4) (0,0.1,0.34) 0.0839 35 0.3033 40 0.5227 38 
C214 (0,0.15, 0.4) (0,0.09, 0.33) 0.0835 36 0.3007 44 0.5178 44 
C215 (0,0.25, 0.5) (0,0.17,0.42) 0.1299 10 0.5109 13 0.8918 16 
C216 (0,0.15, 0.4) (0,0.1,0.35) 0.0893 27 0.3132 34 0.5372 32 
C217 (0,0.25, 0.5) (0,0.17, 0.43) 0.1317 8 0.5128 9 0.8939 10 
C218 (0,0.1,0.35) (0,0.07, 0.33) 0.0666 40 0.2404 48 0.4143 47 
C219 (0,0.1,0.35) (0,0.07, 0.32) 0.0621 46 0.2289 54 0.3957 54 
C221 (0,0.15, 0.4) (0,0.09, 0.34) 0.0835 36 0.3025 42 0.5215 40 
C222 (0,0.25, 0.5) (0,0.16, 0.42) 0.1257 12 0.5097 15 0.8936 12 
C223 (0,0.15, 0.4) (0,0.1,0.33) 0.0846 34 0.3025 42 0.5205 42 
C231 (0,0.25, 0.5) (0,0.17, 0.44) 0.1321 7 0.5131 8 0.8941 9 
C232 (0,0.1,0.35) (0,0.07, 0.31) 0.0641 43 0.2315 53 0.399 53 
C233 (0,0.1,0.35) (0,0.07, 0.32) 0.0656 41 0.235 51 0.4044 51 
C311 (0,0.2,0.45) (0,0.13, 0.39) 0.1088 17 0.4023 24 0.6958 21 
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Table 3.52 (Continued)  
3rd level indices 
(criterions) ijkC  
ijkijk ww −= )1,1,1('  FPII= [ ] ijkijkijk Uww ⊗−= )1,1,1('  0=αTU
 
Rank 5.0=α
TU
 
Rank 1=α
TU
 
Rank 
C312 (0,0.25,0.5) (0,0.15, 0.42) 0.1234 13 0.5094 17 0.8954 6 
C313 (0,0.15, 0.4) (0,0.09, 0.34) 0.0829 37 0.3003 45 0.5176 45 
C314 (0,0.15, 0.4) (0,0.1,0.34) 0.0859 31 0.3059 37 0.5258 36 
C315 (0,0.15, 0.4) (0,0.1,0.34) 0.0880 30 0.31 36 0.532 34 
C321 (0,0.25, 0.5) (0,0.16, 0.43) 0.1285 11 0.5108 14 0.8931 14 
C322 (0,0.15, 0.4) (0,0.1,0.35) 0.0890 28 0.3132 34 0.5373 31 
C323 (0,0.25, 0.5) (0,0.17, 0.43) 0.1321 7 0.5127 10 0.8932 13 
C324 (0,0.1,0.35) (0,0.07, 0.3) 0.0615 47 0.2256 57 0.3897 57 
C325 (0,0.1,0.35) (0,0.06, 0.29) 0.0595 49 0.2198 59 0.3801 59 
C331 (0,0.2,0.45) (0,0.13, 0.38) 0.1063 19 0.3981 26 0.6899 23 
C332 (0,0.25, 0.5) (0,0.17, 0.44) 0.1317 8 0.5132 7 0.8948 8 
C333 (0,0.15, 0.4) (0,0.10, 0.34) 0.0849 33 0.3047 39 0.5245 37 
C334 (0,0.25, 0.5) (0,0.16, 0.42) 0.1257 12 0.5092 18 0.8927 15 
C411 (0,0.15, 0.4) (0,0.10, 0.33) 0.0846 34 0.3028 41 0.521 41 
C412 (0,0.25, 0.5) (0,0.15, 0.41) 0.1201 14 0.5071 20 0.8941 9 
C413 (0,0.1,0.35) (0,0.06, 0.29) 0.0582 50 0.218 60 0.3778 60 
C414 (0,0.1,0.35) (0,0.07, 0.30) 0.0615 47 0.2256 57 0.3897 57 
C421 (0,0.2,0.45) (0,0.13, 0.40) 0.1108 16 0.4053 23 0.6997 20 
C422 (0,0.15, 0.4) (0,0.09, 0.34) 0.0835 36 0.3014 43 0.5192 43 
C423 (0,0.25, 0.5) (0,0.17, 0.43) 0.1303 9 0.5121 12 0.8938 11 
C424 (0,0.15, 0.4) (0,0.10, 0.34) 0.0856 32 0.3058 38 0.5260 35 
C425 (0,0.25, 0.5) (0,0.19, 0.47) 0.1434 2 0.5214 1 0.8994 2 
C426 (0,0.1,0.35) (0,0.07, 0.33) 0.0668 39 0.24 49 0.4133 49 
C511 (0,0.1,0.35) (0,0.08, 0.34) 0.0686 38 0.2444 46 0.4203 46 
C512 (0,0.2,0.45) (0,0.15, 0.42) 0.1198 15 0.4188 21 0.7178 18 
C513 (0,0.25, 0.5) (0,0.19, 0.46) 0.1438 1 0.5196 2 0.8954 6 
C514 (0,0.15, 0.4) (0,0.11, 0.36) 0.0923 23 0.3192 30 0.5461 27 
C515 (0,0.15, 0.4) (0,0.10, 0.35) 0.0897 26 0.3135 33 0.5374 30 
C516 (0,0.1,0.35) (0,0.07,0.32) 0.0656 41 0.2352 50 0.4048 50 
C517 (0,0.1,0.35) (0,0.08,0.32) 0.0686 38 0.2411 47 0.4137 48 
C518 (0,0.15, 0.4) (0,0.11,0.36) 0.0946 21 0.3236 29 0.5526 26 
C521 (0,0.25, 0.5) (0,0.19,0.46) 0.1413 3 0.5188 3 0.8964 3 
C522 (0,0.15, 0.4) (0,0.11,0.37) 0.0959 20 0.326 27 0.5561 25 
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3.3.5 Agility Appraisement in Railway Construction 
In this part of work, agility evaluation has been attempted in a case study of a railway construction 
Industry at eastern part of India. The ideology for data collection has been same as reported in the 
previous case study of automobile sector. An evaluation team consisting of five experts has been 
deployed to assign priority weights (importance extent) against different agile capabilities as well as 
agile attributes considered in the proposed appraisement model. A questionnaire has been formed 
and circulated among the decision-makers (experts) to provide the required detail. The decision-
makers have been the employees of the said enterprise. As described in Section 3.3.4; the same 
agility appraisement platform (Table 3.43) has been explored here. For simplicity in analysis and 
quick data collection, the appraisement platform up to 2nd level (considering agile capabilities as 
well as attributes) has been considered in this work.  
Collected data has been explored to investigate application feasibility of the proposed appraisement 
platform. After critical investigation and scrutiny each decision-maker has been instructed to explore 
the linguistic scale (Table 3.44; Section 3.3.4) towards assignment of priority weight and 
appropriateness rating against each evaluation indices. Tables 3.46-3.47 (furnished in Appendix) 
provide subjective judgment of the evaluation team members (same as previous case study) 
expressed through linguistic terms in relation to weight assignment against various agile capabilities 
as well as attributes. Appropriateness rating (subjective score as given by the 20 decision-makers: 
employees of the organization) for 2nd level agile attributes has been furnished in (Appendix: Table 
3.53). These linguistic expressions (human judgment) have been converted into appropriate 
generalized triangular fuzzy numbers as presented in Table 3.44 of Section 3.3.4. The method of 
simple average has been used to obtain aggregated priority weights of 2nd level agile attributes, as 
well as 1st level agile capabilities (Appendix: Tables 3.54-3.55). Similarly aggregated fuzzy 
appropriateness rating has been obtained for 2nd level attributes and then computed for 1st level 
agile capabilities and tabulated in (Appendix: Tables 3.54-3.55). Finally, overall FPI has been 
computed. The FPI thus obtained as: U= (0.0909, 0.5081, 2.20839). 
Computed FPI for railway construction industry has been compared with that of the automobile 
sector. Comparison (Chou et al., 2011) results are presented below. 
FPIA= (0.08, 0.68, 4.51) 
FPIR= (0.0909, 0.5081, 2.20839) 
[A: Automobile sector, R: Railway construction] 
FPI 0=αTU  
5.0=α
TU  
1=α
TU  Ranking order 
FPIA 0.0596 0.4139 0.76816 1 
FPIB 0.0455 0.1488 0.252011 2 
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This indicates that automobile sector is more agile as compared to the railway construction. 
As an extension of the present work; attempts have been made to identify agile barriers of the said 
organization. Firstly, the concept of fuzzy numbers ranking by ‘maximizing set as well as minimizing 
set’ has been utilized towards identifying ill-performing areas (Table 3.56). Secondly, the concept of 
‘Degree of similarity between two fuzzy numbers’ (Chen, 1996; Hsieh and Chen, 1999; Chen and 
Chen, 2003b; Yong et al., 2004) has been adapted here to indentify ill-performing areas of agile 
performance. In this computation, 2nd level agile attributes have been ranked based on their 
individual Fuzzy Performance Importance Index (FPII) [Lin et al., 2006a, b]. It has been computed 
as follows: 
 
[ ] ijijj UwFPII ⊗−= 1                                                                                                                  (3.206) 
Here jFPII is denoted as the Fuzzy Performance Importance Index of thj agile attribute; whose 
aggregated performance rating is ijU and aggregated priority weight ijw . 
The degree of similarity between FPII of individual agile attributes with respect to the ideal FPII has 
been computed. Higher value to DOS corresponds to a higher ranking order. Thus, agile attributes 
have been ranked accordingly (Table 3.57).  
 
3.3.6 Managerial Implications 
In the foregoing study a fuzzy-based performance appraisement module has been proposed and 
implemented in real case studies to evaluate extent of successful performances of current agile 
practices of the said industry. Apart from estimating an overall agility degree, the study has been 
illustrated to identify possibilities as well as necessities for future improvement towards identifying 
ill-performing agile criterions. ‘Agility’ as a whole, is a concept of introducing speediness, 
responsiveness into the existing system, associated supply chain. Achieving ‘agility’, an industry 
can gain competitive advantage in the global market. It is indeed difficult to assess agility 
quantitatively since most of the agile capabilities-attributes as well as criterions are subjective in 
nature; incompleteness, imprecision and vagueness arises in the decision-making process. In order 
to tackle such types of inconsistency; fuzzy expert system has been proposed here to deal with 
decision-makers’ subjective judgment towards performance estimation of various agile indices. The 
proposed decision-support model has been found fruitful in aggregating performance of multiple 
agile indices into an equivalent single performance appropriateness index. The industries may 
adopt such an appraisement policy to examine the present agility level, identify ill-performing areas 
(agile barriers) and seek for feasible means towards overcoming existing agile barriers.      
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3.3.7 Concluding Remarks 
 The contribution of this research has been furnished below. 
 
1. Development of fuzzy-based integrated agility appraisement module. Industries/ enterprises can 
utilize this appraisement module as a test kit to assess and improve agility degree.  
2. Estimation of overall agility index; identification of agile barriers. 
3. Based on estimated overall agility index; different agile industries can be ranked accordingly.  
 
The limitation as well as future research directions of the aforesaid research have been described 
below. 
 
1. Subjective criteria weight as well as appropriateness rating has been expressed here in terms of 
triangular fuzzy number. The fuzzy number and to which membership function (MF) the 
evaluation result would be the most accurate; has not been checked. 
2. Apart from triangular fuzzy numbers; generalized trapezoidal fuzzy number, even Interval-Valued 
fuzzy numbers (IVFNs) may be explored to express decision-makers subjective opinion into 
appropriate fuzzy numbers, thereby, increasing level of accuracy of prediction. 
3. After identifying agile barriers, industry should think possible opportunities (in logical way) to 
boost up its agility degree. After confirming various opportunities to enrich agility; these 
opportunities must be practically implemented and increment in agility degree (after 
implementation) need to be quantified to check whether these opportunities are really working 
satisfactorily or not.   
 
On implementing necessary tools for future improvement; after a consideration time span, the 
existing enterprise agility level must be evaluated to validate whether agility level is enhanced or not 
in comparison to the past. 
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Table 3.56: Ranking of agile attributes based on the concept of ‘overall utility degree’ 
 
2nd level attributes, 
Cij  
( ) ijij ww −= 1,1,1'  ijij UwFPII ⊗= '  0=αTU  Rank 1=αTU  Rank 1=αTU  Rank 
C11 (0, 0.15,0.4) (0,0.0356,0.195) 0.034214 13 0.12011 13 0.20601 13 
C12 (0,0.25,0.5) (0,0.0781,0.283) 0.069367 8 0.20615 9 0.34294 9 
C13 (0,0.15,0.4) (0,0.0844,0.315) 0.074094 7 0.23001 7 0.38594 7 
C21 (0,0.25,0.5) (0,0.1094,0.348) 0.092008 3 0.27457 4 0.45713 4 
C22 (0,0.1,0.35) (0,0.0550,0.280) 0.050926 10 0.17694 10 0.30295 10 
C23 (0,0.1,0.35) (0,0.0700,0.315) 0.063063 9 0.21232 8 0.36159 8 
C31 (0,0.2,0.45) (0,0.1225,0.373) 0.100823 2 0.30653 2 0.51224 2 
C32 (0,0.25,0.5) (0,0.2031,0.475) 0.147593 1 0.46896 1 0.79033 1 
C33 (0,0.15,0.4) (0,0.0994,0.365) 0.085027 5 0.27733 3 0.46963 3 
C41 (0,0.15,0.4) (0,0.0863,0.325) 0.075492 6 0.23757 6 0.39965 6 
C42 (0,0.1,0.35) (0,0.0363,0.214) 0.034772 12 0.12774 12 0.22070 12 
C51 (0,0.1,0.35) (0,0.0488,0.251) 0.045667 11 0.15999 11 0.27430 11 
C52 (0,0.25,0.5) (0,0.1063,0.335) 0.089852 4 0.26741 5 0.44496 5 
 
Table 3.57: Ranking of agile attributes based on the concept of ‘fuzzy degree of similarity’ 
 
2nd level attributes, 
Cij 
DOS  
(Chen, 1996) 
Ranking 
order 
DOS  
(Hsieh and 
Chen, 1999) 
Ranking 
order 
DOS  
(Chen and Chen, 
2003b) 
Ranking 
order 
DOS  
(Yong et 
al., 2004) 
Ranking 
order 
C11 0.8881 13 0.8633 12 0.7556 13 0.3036 13 
C12 0.9203 9 0.8964 8 0.8225 9 0.4682 9 
C13 0.9303 7 0.9043 6 0.8439 7 0.5267 7 
C21 0.9438 4 0.9222 3 0.8730 4 0.6064 4 
C22 0.9142 10 0.8840 9 0.8097 10 0.4486 10 
C23 0.9267 8 0.8965 7 0.8362 8 0.5138 8 
C31 0.9539 2 0.9337 2 0.8953 2 0.6693 2 
C32 1.0000 1 1.0000 1 1.0000 1 1.0000 1 
C33 0.9466 3 0.9195 4 0.8791 3 0.6227 3 
C41 0.9333 6 0.9067 5 0.8503 6 0.5443 6 
C42 0.8931 12 0.8660 11 0.7659 12 0.3362 12 
C51 0.9072 11 0.8779 10 0.7949 11 0.4103 11 
C52 0.9414 5 0.9195 4 0.8679 5 0.5921 5 
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4.1 Appraisement of Organizational Agility 
4.1.1 Overview 
An agile enterprise is a fast moving, adaptable and robust business. It is capable of rapid 
adaptation in response to unexpected and unpredicted changes and events, market 
opportunities, and customer requirements. Such a business is founded on processes and 
structures that facilitate speed, adaptation and robustness and that deliver a coordinated 
enterprise that is capable of achieving competitive performance in a highly dynamic and 
unpredictable business environment that is unsuited to current enterprise practices. 
Agility metrics seem difficult to properly define in general, mainly due to the multidimensionality 
and vagueness of the concept of agility itself; the extent of agility is nothing but a qualitative 
estimation. To address this issue, in this work, a systematic procedural framework has been 
proposed as a candidate solution for the assessment of organizational agility. Given an 
enterprise, in order to estimate its overall agility degree, a set of quantitatively defined agility 
enabler-attribute and criteria have been considered. The necessary expertise used to determine 
and measure individual agility parameters has been represented via fuzzy logic terminology that 
allows for human-like knowledge representation and reasoning. Using the concept of 
generalized trapezoidal fuzzy numbers set and their operational rules, an overall Fuzzy Agility 
Index (FAI) has been computed. Agile criterions have been ranked in accordance with their 
degree of performance towards contributing organizational agility. Poorly performing criterions 
(agile barriers) have been identified as well.  An example has demonstrated the feasibility and 
applicability of the proposed approach. 
 
4.1.2 Agile Enterprise  
Agility is a concept that incorporates the ideas of flexibility, balance, adaptability, and 
coordination under a common base. In a business context, agility typically refers to the ability of 
an organization to rapidly adapt to market and environmental changes in productive and cost-
effective ways. The agile enterprise is an extension of this concept, referring to an organization 
that utilizes key principles of complex adaptive systems and complexity science to achieve 
success (Tsourveloudis and Valavanis, 2002).  
An agile enterprise strives to make change a routine part of organizational life to reduce or 
eliminate the organizational trauma that paralyzes many businesses attempting to adapt to new 
markets and environments (Hamel and Valikangas, 2003). Because change is perpetual, the 
agile enterprise is able to nimbly adjust to and take advantage of emerging opportunities. The 
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agile enterprise views itself as an integral component of a larger system whose activities 
produce a ripple effect of change both within the enterprise itself and the broader system 
(Holbrook, 2003).  
One type of enterprise architecture that supports agility is a non-hierarchical organization 
without a single point of control (Stacey et al., 2000). Individuals function autonomously, 
constantly interacting with each other to define the work that needs to be done. Roles and 
responsibilities are not predetermined but rather emerge from individuals’ self-organizing 
activities and are constantly in flux. Similarly, projects are generated everywhere in the 
enterprise, sometimes even from outside affiliates. Key decisions are made collaboratively, on 
the spot, and on the fly. Because of this, knowledge, power, and intelligence are spread through 
the enterprise, making it uniquely capable of quickly recovering and adapting to the loss of any 
key enterprise component. 
In business, projects can be complex with uncertain outcomes and goals can change over time. 
Traditionally these issues were dealt with by planning experts that would attempt to pre-
determine every possible detail prior to implementation; however, in many situations, even the 
most carefully thought out projects will be impossibly difficult to manage. Agile techniques, 
originating from the software development community, represent an alternative approach to the 
classic prescriptive planning approaches to management. The main focus of agile methods is to 
address the issues of complexity, uncertainty, and dynamic goals, by making planning and 
execution work in parallel rather than in sequence to eliminate unnecessary planning activity, 
and the resulting unnecessary work. 
Agile methods integrate planning with execution allowing an organization to ‘search’ for an 
optimal ordering of work tasks and to adjust to changing requirements. The major causes of 
chaos on a project include incomplete understanding of project components, incomplete 
understanding of component interactions and changing requirements. Sometimes, requirements 
change as a greater understanding of the project components unfolds over time. Requirements 
also change due to changing needs and wants of the stakeholders. The agile approach allows a 
team or organization to implement successful projects quickly by only focusing on a small set of 
details in any change iteration. This is in contrast to non-agile approaches. Interactions, self-
organizing, co-evolution, and the edge of chaos are concepts borrowed from complexity science 
that can help define some of the processes that take place within an agile enterprise. 
In short, an agile enterprise is a fast moving, flexible and robust firm capable of rapid response 
to unexpected challenges, events, and opportunities. Built on policies and processes that 
facilitate speed and change, it aims to achieve continuous competitive advantage in serving its 
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customers. Agile enterprises use diffused authority and flat organizational structure to speed up 
information flows among different departments, and develop close, trust-based relationships 
with their customers and suppliers. Researchers in the enterprise agility group are focusing on 
improving an organization's ability to drive change, to sense and respond readily to change, and 
to learn from that change in today’s business environment of unprecedented turbulence 
(Gunasekaran, 1999; Tsourveloudis and Valavanis, 2002; Sherehiy et al., 2007; Erande and 
Verma, 2008; Mansouri et al., 2011).  
 
4.1.3 Background and Problem Statement 
Ever-changing is one of firms’ major characteristics in this new competitive era. Agile 
manufacturing (AM) has been increasingly viewed as a winning strategy (Breu, 2001; Barrand, 
2006). AM is an integration of technologies, people, facilities, information systems and business 
processes (Chandna (Kharbanda), 2008). Measuring agility is important to identify the 
organizational effectiveness and identifies less agile areas in the enterprise and thus it can plan 
for improvements. Moreover, measurement of agility gives enterprise an indication for its 
competitiveness and readiness for changes in the market so that the enterprise can stay 
competitive in the market. Measuring agility should focus on specific agility types from which 
overall agility measures will be derived from (Nasr et al., 2011; Yaghoubi et al., 2011). 
Apart from selecting agile criteria and developing conceptual framework (Kassim and Zain, 
2004; Ramesh and Devadasan, 2007; Sherehiy et al., 2007; Banihashemi and Sarani, 2012) to 
model for organizational agility in various sectors; the degree of agility that the agile system 
possess has been viewed as a major area of concern. Extent of agility computation is seemed 
to be very challenging due to involvement of uncertain, imprecise or vague estimation of the 
subjective agile criteria. In most of the cases, decision-makers have to undergo subjective 
judgments, in appropriate linguistic terminology, to put ratings against subjective (qualitative) 
agile criteria. The research outcome reported by previous investigators focused on immense 
popularity of fuzzy set theory in dealing with agility appraisement systems.        
Jain and Benyoucef (2008) presented an approach to model agility and introduced Dynamic 
Agility Index through fuzzy intelligent agents. Yang and Li (2002) suggested the establishment 
of an agility evaluation index system of mass customized (MC) product manufacturing based on 
the characteristics of MC product manufacturing and the requirements of agility manufacturing. 
Tsourveloudis and Valavanis (2002) proposed a knowledge based framework for the 
measurement and assessment of manufacturing agility. Shih and Lin (2002) proposed a fuzzy 
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based approach for agility analysis for a manufacturing firm. Lin et al. (2006a, b) developed a 
fuzzy agility index (FAI) based on agility providers using fuzzy logic. Tsai et al. (2008) used 
fuzzy-logic QFD approach in order to align agile drivers, capabilities and providers to achieve 
agility. Wang (2009) proposed a suitable agile system for implementing MC. The author 
highlighted a MC manufacturing agility evaluation approach based on concepts of TOPSIS 
through analyzing the agility of organization management, product design, processing 
manufacture, partnership formation capability and integration of information system. 
(Seyedhoseini et al.; 2010) developed an approach based on Adaptive Neuro Fuzzy Inference 
System (ANFIS) for measurement of agility in Supply Chain. Vinodh et al. (2010a, b) and 
Vinodh et al. (2011) attempted to assess the agility level of an organization using a multi-grade 
fuzzy approach.  
Shahrabi (2011) proposed the agility of the organization and its relationship Grason model in 
order to efficiently implement the fuzzy logic based on strength and flexibility and change in 
cash and the growing move toward agility. Kaveh et al. (2011) proposed a hybrid approach in 
order to measure the relative efficiency of agility in supply chains. Yauch (2011) constructed a 
quantitative, objective metric for agility performance that assessed agility as a performance 
outcome, capturing both organizational success and environmental turbulence, and applicable 
to manufacturing organizations of all types. Tseng and Lin (2011) suggested an agility 
development method for dealing with the interface and alignment issues among the agility 
drivers, capabilities and providers using the QFD relationship matrix and fuzzy logic.  
In this context, the present study aims to develop a group decision-making procedural hierarchy 
based on generalized trapezoidal fuzzy number sets for agility index appraisement for an 
enterprise. Detailed methodology of the proposed approach has been illustrated while 
implementing in a case study to ensure considerable extent of reliability in such an evaluation 
process. The purpose of this research aims to construct a quantitative, objective metric for 
agility performance that assesses agility as a performance outcome, capturing both 
organizational success and environmental turbulence, and applicable to manufacturing 
organizations of all types. 
  
 
4.1.4 Procedural Framework: Case Study   
Agility evaluation has been attempted by the procedural framework as described as follows. A 
model (Table 4.1) has been adapted for organizational agility appraisement and implemented as 
a case study in an Indian famous automobile part manufacturing industry at eastern part of 
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India. The results obtained thereof have been analyzed and interpreted from managerial 
viewpoint. This has been illustrated as follows.  
 
1 Determination of the appropriate linguistic scale for assessing the performance ratings 
and importance weights of agile attributes 
The linguistic terms have been used to assess the performance ratings and priority weights of 
agile providers (as well as attributes) since it is difficult for the decision-makers to determine the 
numeric score of a subjective attribute. In order to assess the performance rating of various 
agile attributes, the nine linguistic variables {Absolutely Poor (AP), Very Poor (VP), Poor (P), 
Medium Poor (MP), Medium (M), Medium Good (MG), Good (G), Very Good (VG) and 
Absolutely Good (AG)} have been used in the present work. In order to assess the importance 
weights (priority degree) of agile providers as well as attributes, the following linguistic variables 
{Absolutely Low (AL), Very Low (VL), Low (L), Medium Low (ML), Medium (M), Medium 
High (MH), High (H), Very High (VH), Absolutely High (AH)} have been utilized. The linguistic 
variables (Table 4.2) have been accepted among the DMs of the enterprise taking into 
consideration the company policy, company characteristics, business changes and competitive 
situation. 
 
2 Measurement of performance ratings and importance weights of agile attributes using 
linguistic terms 
After the linguistic variables for assessing the performance ratings and importance weights of 
agile attributes has been accepted by the decision-makers (DMs), the decision-makers have 
been instructed to use aforesaid linguistic scales to assign importance weights for agile 
providers and agile attributes (Appendix: Tables 4.3- 4.4) as well as to assess the performance 
rating against each agile attributes (Appendix: Table 4.5). 
 
3 Approximation of the linguistic terms by fuzzy numbers 
Using the concept of fuzzy logic reasoning, the linguistic variables have been approximated by 
generalized trapezoidal fuzzy numbers. Next, the aggregated decision-making cum evaluation 
matrix, which corresponds to the aggregated fuzzy rating against each agile attribute (Grade III) 
with corresponding aggregated fuzzy weight, has been constructed and shown in (Appendix: 
Table 4.6). Also aggregated fuzzy priority weights for agile providers (Grade II) have been 
furnished in (Appendix: Table 4.7).  Decision-makers pulled opinion (average) has been 
considered for evaluating aggregated fuzzy rating as well as priority weights. 
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4 Determination of FAI 
FAI represents overall enterprise level agility (Lin et al., 2006a, b) and termed as fuzzy agility 
index. The fuzzy agility index has been calculated at the attribute level and then extended to 
enabler (provider) level. Fuzzy index at the attribute level encompasses several agile attributes. 
The fuzzy index of Grade-II agile provider can be calculated using the formula: 
 
( )
∑
∑ ⊗
=
ij
ijij
i
w
Uw
U
                                                                                                                   (4.1) 
Here ijU represents performance rating of 
thj attribute ijC  under thi  agile criteria iC and ijw
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After evaluating FAI, simultaneously it is also felt indeed necessary to identify and analyze the 
obstacles (called agile barriers) for agility improvement. Therefore, in this study, the proposed 
fuzzy agility appraisement system has been extended to investigate on the weakly-performing 
areas for improvement using the concept of ranking generalized trapezoidal fuzzy numbers. The 
purpose is to rank various agile providers as well as attributes according to their degree of 
performance. By this procedure poorly performing areas can be identified as well.  
In this study, the concept of ranking fuzzy numbers based on ‘maximizing set and minimizing 
set’ (described in Section 3.1.1.5 of Chapter 3) has been explored to identify various agile 
barriers (both at Grade II and Grade III).  The ranking score corresponding to various agile 
attributes (Grade III) as well as agile providers (Grade II) have been computed (shown in Table 
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4.8 and Table 4.9 respectively) based on their corresponding fuzzy performance rating. Three 
types of decision-makers risk bearing attitude ( )2,1,5.0=k
 
(i.e. conservative, fair and 
adventurous) have been assessed in computing ranking score of various agile providers and 
agile attributes. This helps in identifying weak agile elements which need further improvement.  
 
 
4.1.5 Concluding Remarks     
The advantages of the proposed model can help in the following aspects: 
1. Quantitative assessment and precise estimation of overall agility degree. 
2. Identification of agile barriers and their priority importance.  
3. Benchmarking of various agile enterprises based on overall agility degree. 
4. Investigation on week areas which require future improvement to reach the targeted 
agility level that the superiors possess.   
 
 
Table 4.1: Organizational agility appraisement model (adapted from Shih and Lin, 2002) 
 
Grade I Grade II (Agile Provider), iC  Grade III (Agile Attributes), ijC  
 
 
 
 
 
 
 
 
Organizationa
l Agility, C  
 
Human knowledge and skills, 1C  
 Multi-skilled and flexible employees,  11C  
 Up gradation of workforce skill, 12C  
 
 
 Customization, 2C  
 New product Introduction, 21C  
 Responsiveness to change in market 
requirements, C  
 Products with substantial value-addition, 23C  
 First-time right design,  24C  
 
Partnership, 3C  
 Strategic relationship with customers,  31C  
 Trust-based relationship with suppliers, 32C  
 
Technology, 4C  
 Technology awareness,  41C  
 Skill and knowledge enhancing, 42C   
 
Integration and competence, 5C  
 Concurrent execution of activities, 51C  
 Information technology and communication 
utilization, C  
 
Team work, 6C  
 Empowerment and decentralized decision 
making, C  
 Cross functional team,  62C  
 Culture of change,  63C  
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Table 4.2: Definitions of linguistic variables for criteria ratings 
(A-9 member generalized trapezoidal fuzzy numbers set) 
 
Linguistic terms 
(Attribute/criteria ratings) 
 
Linguistic terms (Priority weights) 
 
Generalized trapezoidal fuzzy numbers 
Absolutely Poor (AP) Absolutely Low (AL) (0, 0, 0, 0; 0.8) 
Very Poor (VP) Very Low (VL) (0, 0, 0.02, 0.07; 0.8) 
Poor (P) Low (L) (0.04, 0.10, 0.18, 0.23; 0.8) 
Medium Poor (MP) Medium Low (ML) (0.17, 0.22, 0.36, 0.42; 0.8) 
Medium (M) Medium (M) (0.32, 0.41, 0.58, 0.65; 0.8) 
Medium Good (MG) Medium High (MH) (0.58, 0.63, 0.80, 0.86; 0.8) 
Good (G) High (H) (0.72, 0.78, 0.92, 0.97; 0.8) 
Very Good (VG) Very High (VH) (0.93, 0.98, 1, 1; 0.8) 
Absolutely Good (AG) Absolutely High (AH) (1, 1, 1, 1; 0.8) 
 
 
 
 
 
Table 4.8: Ranking score of agile attributes (Grade III) 
 
ijC  ijU  Total utility score ( )[ ]iUT or Ranking score 
 k=1 (Fair DM) k=2 (Adventurous DM) k=0.5 (Conservative DM) 
11C  (0.63,0.69,0.80,0.84; 0.8) 0.6870 0.6093 1.4378 
12C  (0.55,0.61,0.77,0.83; 0.8) 0.5859 0.5481 1.2917 
21C  (0.69,0.74,0.85,0.89; 0.8) 0.7912 0.6883 1.5839 
22C  (0.42,0.50,0.66,0.73; 0.8) 0.3738 0.4053 0.9954 
23C  (0.95,0.98,1.00,1.00; 0.8) 1.1987 undefined 2.3294 
24C  (0.72,0.76,0.88,0.92; 0.8) 0.8467 0.7313 1.6597 
31C  (0.91,0.94,0.98,0.99; 0.8) 1.1366 0.9520 2.1716 
32C  (0.74,0.79,0.91,0.95; 0.8) 0.9013 0.7898 1.7415 
41C  (0.69,0.74,0.85,0.89; 0.8) 0.7912 0.6883 1.5839 
42C  (0.63,0.69,0.80,0.84; 0.8) 0.6870 0.6093 1.4378 
51C  (0.84,0.88,0.96,0.98; 0.8) 1.0470 0.8967 1.9829 
52C  (0.55,0.61,0.77,0.83; 0.8) 0.5859 0.5481 1.2917 
61C  (0.89,0.93,0.98,0.99; 0.8) 1.1179 0.9519 2.1265 
62C  (0.67,0.74,0.85,0.90; 0.8) 0.7838 0.7012 1.5760 
63C  (0.65,0.70,0.86,0.91; 0.8) 0.7638 0.6845 1.5368 
 
 
 
 
165 
 
Table 4.9: Ranking score of agile providers (Grade II) 
 
iC  iU  Total utility score ( )[ ]iUT or Ranking score 
k=1(Fair DM) k=2 (Adventurous DM) k=0.5 (Conservative DM) 
1C  (0.59,0.65,0.78,0.83; 0.8) 0.4443 0.5458 0.4482 
2C  (0.65,0.71,0.83,0.87; 0.8) 0.6012 0.6450 0.5365 
3C  (0.81,0.86,0.94,0.96; 0.8) 0.9947 0.9258 0.7669 
4C  (0.66,0.72,0.82,0.81; 0.8) 0.5709 0.5857 0.5266 
5C  (0.70,0.74,0.86,0.90; 0.8) 0.7012 0.7054 0.5897 
6C  (0.74,0.79,0.89,0.93; 0.8) 0.8159 0.7911 0.6568 
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4.2 Grey Theory and Fuzzy-TOPSIS Based Decision-Making 
Approaches for Agility Evaluation and Benchmarking of 
Mass-Customization Systems 
4.2.1 Overview 
The main purpose of the present study is to develop an agility evaluation module to determine 
the most suitable agile system for implementing mass customization (MC) strategies. Evaluating 
the alternatives and comparing across them, the best practices of the efficient organization can 
be identified and transferred to different organizations. 
Grey relation approach is a simple mathematical technique useful in situations where the 
information is not known precisely. Grey relation approach has been applied to measure the 
agility of various organizations based on agile entities and accordingly the organizations are 
ranked. The ranking so obtained is compared with the ranking obtained by a popular Multi-
Attribute Decision Making (MADM) process known as Fuzzy-TOPSIS (technique for order 
preference by similarity to ideal solution) to test the robustness of the proposed method (Chen, 
2000; Deng et al., 2000). It is to be noted that grey theory considers the condition of the 
fuzziness and can deal flexibly with the fuzziness situation. 
It is demonstrated that the grey approach is an appropriate method for solving MADM problems 
in an uncertain situation with less computational efforts. The alternatives can easily be 
benchmarked and the best agile system can be selected.  As the ranking obtained through grey 
relation approach closely agree with the ranking found from Fuzzy-TOPSIS method, the 
robustness of the proposed approach is validated. Both the method leads to choose a suitable 
agile system related to mass customization.   
Since the approach is quite generic one, managers can adopt the proposed method for decision 
making purpose when information on the system is not completely known or partially known. 
The benchmarking of alternatives (organizations) helps to make a comparison among them and 
transfer the best practices to achieve agility so that the concept of mass customization can be 
implemented. The inefficient organizations can follow the peer so identified to improve agility 
activities to become competitive.  However, the study considers limited data due to unavailability 
of many agile organizations. As agile manufacturing is relatively a new concept, certain and 
complete information on systems are not available. In such situations, the proposed method can 
deal the issue conveniently and results in workable solutions.  
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4.2.2 Background  
Today’s manufacturing companies are facing fierce competition due to globalization, market 
instability   and   dynamic requirement of customers in terms of price, specifications, quality, 
quantity and delivery. Therefore, industries adopt proactive strategies with due consideration to 
the consumer’s awareness and fierce competition  with  shorter  product life cycles, quicker 
delivery  of  new  products  to  market  and decrease  in  operating costs. Time based   
manufacturing is capable of continually delivering new products quickly to the market and 
increases the varieties offered to the customers through continuous introduction of innovative 
technology. The success of time based manufacturing has emerged as a new paradigm in 
manufacturing known as mass customization (MC) (Silverira et al., 2001). The term mass 
customization, coined by Davis (1989), is directed to produce goods and services to meet 
individual customer’s requirement with mass production efficiency through high process 
flexibility and integration. Mass customizers develop, produce, market and distribute a wide 
variety of products and services to suit individual needs at an affordable price. In the process of 
shifting to MC, the organizations concentrate on agile manufacturing, because, an agile 
manufacturing system can respond the trend of mass customization in an effective manner. 
Agility is the set of ability of an organization for meeting dynamic customer requirement 
achieved through advanced organizational and managerial structure, some concrete 
technological achievement (Deschamps et al., 1995; Nagel et al., 1991). Agile manufacturing 
has several directions like strategic planning, product design, automation, advanced information 
technology, virtual enterprise (Hayes et al., 1988; Ettlie, 1988). Agility evaluation is the vital 
issue in strategic planning to determine the degree of agility an organization currently 
possesses. Agility   evaluation helps the managers to formulate strategic plans by determining 
how much an organization needed to be agile. To achieve an appropriate strategic plan, the 
business decision mechanism is usually composed of multiple experts who implement decision 
analysis and alternatives evaluation on the basis of association rules and criterions. Evaluating 
the alternatives and comparing across them, the best practices can be found out and 
transferred to different organizations. In any decision-making process, there exists considerable 
extent of uncertainty, fuzziness and heterogeneity (Chen and Hwang, 1992). Since there is no 
well-defined process and vague indicators exist to access agility degree, agility evaluation is 
difficult to be handled by crisp values. Fuzzy logic is a useful tool to deal ambiguities, 
uncertainties and vagueness the in agility evaluation (Zadeh, 1965). However, the condition of 
fuzziness cannot be considered in fuzzy multi attribute decision making process (MADM). 
Therefore, a method, which is simple, practical and demands less practical information, like grey 
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theory can be adopted for agility evaluation and comparing among various organizations that 
intend to go for mass customization.  It has been demonstrated that grey theory can deal flexibly 
with the fuzziness situation (Li et al., 2007a, b; Deng, 1996). The present work aims at 
establishing an agile alternative evaluation approach for MC manufacturing system. The 
methods result in ranking of various agile manufacturing systems using grey theory approach. In 
latter part, the results, obtained thereof, have been compared with another existing MADM 
approach: fuzzy-TOPSIS for believability and adoptability. 
 
 
4.2.3 State of Art and Problem Statement 
A Petri Nets approach using state space probabilities was proposed to determine the complexity 
measure as a surrogate measure of agility. The method was unable to identify potential 
changes needed for a system to respond to become agile (Arteta and Giachetti, 2004). An 
enhanced flexible approach based on fuzzy association rule mining was proposed to support 
the decision makers for evaluating agility with various attributes such as flexibility, profitability, 
quality, innovativeness, pro-activity, and speed of response, cost and robustness (Jain et al., 
2008). 
An analytical framework was developed for evaluation of the degree of agility and the method 
could be used to rationally select an appropriate agile method for a particular application 
(Qumer and Handerson-Sellers, 2008). A metrics method was proposed for determining 
enterprise agility which could be extended to other technological decisions (Ganguly et al., 
2009). Chandna (Kharbanda) (2008) presented a fuzzy logic based framework incorporating 
certain operational parameters for the assessment of manufacturing agility only. A test bed was 
used to simulate, measure, and evaluate agility and its parameters. Wang (2009) proposed an 
MC manufacturing agility evaluation approach based on the concept of TOPSIS through various 
agility evaluation platforms. 
A 2-tuple fuzzy linguistic computing method was proposed to transform the heterogeneous 
information assessed by multiple experts into an identical decision domain. An agility index 
measurement model containing twenty criteria incorporated with multi-grade fuzzy approach 
was designed for agile evaluation of a single manufacturing organization (Vinodh et al., 2010a). 
An absolute agility index was proposed using fuzzy logic to address the ambiguity inherent in 
agile evaluation (Lin et al., 2006a, b). A fuzzy analytic network process (ANP) was proposed for 
agile concept selection in a single manufacturing organization (Vinodh et al., 2010c). In the past, 
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a large body of literature was devoted to agile evaluation in multi attribute decision making 
framework (MADM). 
Several techniques were developed and reported in literature towards solving MADM problems. 
Some of the popular   methods include linear weighting methods (LW) (Cebi and Bayraktar , 
2003; Boer et al.,1998; Gregory,1986; Li et al.,1997;  Soukup, 1987; Thompson, 1990; 
Timmerman,1986; Willis et al.,1993), ANP (Sarkis and Talluri, 2000), total cost approaches 
(Monczka and Trecha, 1998; Smytka and Clemens, 1993) and mathematical programming 
techniques (Buffa and  Jackson, 1983; Chaudhry et al., 1993; Das and Tyagi, 1994; Pan, 1989; 
Weber and Current, 1993). Although linear weighting method is simple, it depends largely on 
human judgment and weighs the attributes equally, which rarely happens in practice. 
Mathematical programming technique causes significant problems while considering qualitative 
factors. Such techniques include goal programming (Hajidimitriou and Georgiou, 2002), linear 
programming (Ghodsypour and O’Brien, 1998) and mixed-integer   programming (Rosenthal et 
al., 1995). Although both analytic hierarchy process (AHP) and mathematical programming have 
some advantages over other existing approaches they are still suffering from some drawbacks. 
AHP cannot effectively take into account risk and uncertainty in estimating the performance of 
the alternative, because, it presumes that the relative importance of attributes affecting the 
alternative’s performance is known with certainty (Dyer et al., 1992). The drawback of 
mathematical programming is that it requires arbitrary aspiration levels and cannot 
accommodate subjective attributes (Khorramshahgol et al., 1988). Wang and Chang (2007) 
developed an evaluation approach based on TOPSIS to help the Air Force Academy in Taiwan 
for choosing optimal initial training aircraft. But in classical MADM methods, the ratings and the 
weights of the criteria are known precisely. A mass customization product manufacturing agility 
evaluation index was proposed using multi-grade fuzzy assessment method studying an 
enterprise’s organization management agility, products design agility, and manufacturing agility 
(Yang and Li, 2002). 
Considering limitations of the above techniques, this work proposes a simple but an effective 
method based on grey relation analysis as a means to reflect uncertainty in multi-attribute 
decision making models. Grey system theory was developed by Deng (1989) based upon the 
concept that information is sometimes incomplete or unknown. The intent is the same as with  
factor  analysis, cluster analysis and discriminate analysis except that these methods often do 
not work well when sample size is small and sample distribution is unknown (Wang et al., 2004). 
The advantage of grey theory over fuzzy logic (Zadeh, 1965) is that grey theory considers the 
condition of the fuzziness; in other words, grey theory can deal flexibly with the fuzziness 
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situation (Li et al., 2007).  Grey relation analysis and TOPSIS (Hwang and Yoon, 1981; Lai et 
al., 1994; Yoon and Hwang, 1995) both use the idea of minimizing a distance function. To 
evaluate and rank alternatives by developing a heterogeneous information aggregation platform 
is indispensable for robust business mechanism. This research focuses on establishing an 
agility measurement approach based on concept of Grey relational analysis and fuzzy-TOPSIS 
for mass customization manufacturing system. 
 
 
4.2.4 Agility Evaluation Platform 
Organizations must exhibit agility in response to changing needs of the market was originally 
popularized by US agility forum (Nagel et al., 1991). As there is hourly changeover in the 
production lots, an agile manufacturing system is necessary to settle on for producing mass 
customized products. MC enterprise uses a series of advanced information technology, modern 
management technology and advanced manufacturing technology with  an aim at enriching 
customers  through agile response to customer demand, market change and market 
opportunities. There are two questions concerning agility arise: how it is measured and the 
principal obstacles to improve agility (Sharp et al., 1999; James-Moore, 1997; Long, 2000; 
Yusuf et al., 2001). Therefore,   research is going on to solve these problems starting with more 
emphasis upon agile evaluation which helps the managers in organizing the activities to 
become agile. Agility has three underlying components delivering value to customers - being 
ready for change, valuing human knowledge and skills and forming virtual partnerships 
(Sanchez and Nagi, 2001). Critical examination of literature reveals that main agility entries for 
evaluation of MC product system are as follows.   
 
Organization management agility 
It includes inter-organization cooperative extent, the speed of team building, network connection 
extensiveness, the application degree of the virtual enterprise (VE) and so on. 
 
Product design agility 
It includes the design period, the proportion of design period in product periods, the seriating 
degree of products, and the generalization degree of products structure. It measures the speed 
of period of product design and flexibility in the design. 
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Processing manufacture agility 
It comprehends the time organizational form of the production process, the space organizational 
form of production process, displacement compatibility, reconfigurable flexibility, supplement 
tool displacement and so on. In order to achieve agility, a combination of certain desirable 
characteristics is needed like combination of multipurpose machines and fixtures, redundant 
equipment material handling devices and process variety. 
 
Partnership formation agility 
It encompasses the degree of cooperation with other enterprises, institutional framework agility, 
and the form of institutional framework and so on. The agile manufacturers should change the 
way they interact with their business partners so that they can compete more effectively through 
cooperation. 
 
Integration of information system 
It contains information and network utilization rate, perfect degree of information system, swift 
way of getting customer demand information, the proportion of information processing time in 
product periods and so on. It is measured in terms of networking which includes the 
communication capabilities of an enterprise and defined through ability to exchange information. 
 
Therefore, MC enterprises are required to possess the above abilities of an agile system. This 
work uses grey relational analysis, a MADM framework, to rank the alternatives (organizations) 
evaluating agility of each organization with due consideration to above abilities (criteria).  
 
4.2.5 Grey and Fuzzy-TOPSIS Based Appraisement Modeling 
Grey based decision making approach proposed for agile evaluation and ranking of alternatives 
are presented below. Grey theory is one of the methods to study systems with uncertain 
information mathematically. Consider }A....A,A,A{A m,321= is a discrete set of m possible 
alternatives and }L,....,L,L,L{L n3,21= is a set of n criteria for selecting alternatives. The 
criteria are assumed to be additively independent and }w,...w,w,w{w n321 ⊗⊗⊗⊗=⊗  
represent the vector of criteria weights. The linguistic variables can be expressed in grey 
numbers using a 0-1 and 0-10 scale for attributes and attribute ratings as shown in Table 4.10 
and Table 4.11, respectively (Li et al., 2007a, b). 
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Step 1:  Form a committee of decision-makers and identify the criteria weights of alternatives 
by aggregating the weights of importance. Many methods have been proposed to pool 
the decision makers’ opinions, for example mean, median, max, min etc. Each of 
operators has its own limitations. Criteria for selecting appropriate aggregation 
operator can be found out .Since the average operation is the most commonly used 
aggregation method; the mean operator is used to aggregate the decision makers’ 
assessments. Assume that a decision group has K persons, then the criteria weight 
can be calculated as 
   
[ ]kj2j1jj w......wwk
1
w ⊗++⊗+⊗=⊗
                                                             (4.3)
 
where n)1,2,.....,(jwkj =⊗  is the criteria weight of kth decision maker and can be 
described by grey  number  [ ]kjkjkj w,ww =⊗
.
                        
 
Step 2:  Use linguistic variables for the ratings to make a criteria rating value. Then, the rating              
value can be calculated as: 
 
[ ]kij2ij1ijij G......GGk
1G ⊗++⊗+⊗=⊗
                                                                        (4.4)
 
where n)1,2,.....,jm;1,2,.....,(iGkij ==⊗  is the criteria rating of ith alternative under jth 
criterion by kth decision maker and can be described by grey number [ ]kijkijkij G,GG =⊗ . 
 
Step 3:  Establish the grey decision matrix 
                                                  
 
                                  
                                                                                                                                  
 
                                                                       (4.5)    
                                            
              where ijG⊗ are linguistic variables based on the grey number. 
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Step 4:  Normalize the grey decision matrix 
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   for a non-benefit criteria, ∗⊗ ijG   is expressed as 
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The normalization method mentioned above preserves the property that the ranges of 
the normalized grey number belong to [0, 1]. 
 
Step 5:  Establish the weighted normalized grey decision matrix. Considering the different 
importance of each criterion, the weighted normalized grey decision matrix can be 
established as 
 
 
 
                                                                                                                      
                                                                             (4.7)                                                                                                                            
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Step 6:  Make the ideal alternative as a referential alternative. For m possible alternatives set            
}A......,A,A{A m,21= , the ideal referential agile alternative  
{ }maxnmax2max1max G,,.........G,GA ⊗⊗⊗=
 can be obtained by 
 
     (4.8)        
 
Step 7: Calculate the grey possibility degree between compared alternatives set 
}A......,A,A{A m,21= and ideal referential agile alternative Amax. 
  { } { }∑
=
⊗≤⊗=≤
n
1j
max
jij
max
i GVP
n
1AAP                                                                      (4.9) 
Step 8: Rank the order of agile alternatives, when { }maxi AAP ≤   is smaller, the ranking order of 
alternative is better. Otherwise, the ranking order is worse. According to the above 
procedures, one can determine the ranking order of all agile alternatives and select the 
best from among a set of feasible alternatives. 
 
Table 4.10: The scale of attribute weights w 
Linguistic Scale 
     ⊗ w 
Very Low (VL) [0.00,0.15] 
Low (L) [0.15,0.30] 
Medium  Low (ML) [0.30,0.45] 
Medium (M) [0.45,0.60] 
Medium  High (MH) [0.60,0.75] 
High (H) [0.75,0.90] 
Very high (VH) [0.90,1.00] 
 
 
Table 4.11: The scale of attribute ratings G 
 
 
 
 
 
 
 
 
 
 
Linguistic Scale 
     ⊗ G 
Very Poor (VP) [0.0,1.0] 
Poor (P) [1.0,2.5] 
Medium  Poor (MP) [2.5,4.0] 
Fair (F) [4.0,5.5] 
Medium  Good (MG) [5.5,7.0] 
Good (G) [7.0,8.5] 
Very Good (VG) [8.5,10.0] 
[ ] [ ] [ ]{ }.Vmax,Vmax,,.........Vmax,Vmax,Vmax,VmaxA in
mi1inmi1
i2
mi1i2mi1
i1
mi1i1mi1
max
≤≤≤≤≤≤≤≤≤≤≤≤
=
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4.2.6 Results and Discussions 
As a case study, the agility evaluation problem in an automotive industry in eastern part of India 
has been explored. Multiple attributes should be taken under consideration while selecting an 
appropriate alternative. Thus, agile alternative ranking and selection of the best alternative have 
been made. A committee of four decision makers 4321 D,D.,D,D  have been formed to conduct 
the evaluation. Four feasible agile systems 4321 A,A,A,A  have been chosen for evaluation. 
The alternative 1A is characterised by extensive outsourcing facility, high level product service, 
adequate design improvement through in-house Research and Development, and fully 
automated inspection system. However, alternative 3A possess these characteristics at low 
level. For other two alternatives 42 A,A , these characteristics are in medium level. For achieving 
agility to improve mass customization, five agile criteria are considered. They are (i) 
Organization management agility (L1), (ii) Product design agility (L2), (iii) Processing 
manufacture agility (L3), (iv) Partnership formation agility (L4), and (v) Integration of Information 
system (L5). The steps 1 to 8 are shown below. 
 
Step 1:  The weights of attributes 1L , 2L , 3L , 4L  and 5L have been determined. A committee of 
four decision-makers ,1D ,2D ,3D and 4D has been formed to express their 
preferences and to select the best agile manufacturer. Here, a weight of each attribute 
has been obtained as shown in Table 4.12 by averaging responses of experts.  
Step 2:  The attribute rating values for four agile alternatives are determined. According to Eq. 
4.4, the results of attribute rating values are shown in Table 4.13. 
 
Table 4.12: Attribute weights for five criteria 
 
 
 
 
 
 
 
 
 
 
 JL  1D  2D  3D  4D           ⊗  JW  
1L   H  VH VH H [1.00,2.75,3.50] 
2L  VH  H H H [1.00,2.37,3.50] 
3L  M MH H MH [ 0.8,1.22, 3.00] 
4L  MH MH  H H [0.95,1.50,3.00] 
5L  VH MH H H [0.95,2.12,3.50] 
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Table 4.13: Attribute ratings for alternatives 
 
 
Step 3: The grey decision matrix has been established. According to Eq. 4.5, the grey decision 
matrix of alternatives obtained and shown in Table 4.14. 
 
 
Table 4.14: Grey decision-matrix 
iA  1L  2L  3L  4L  5L  
1A  [6.6,8.4] [4.8,6.3] [4.8.6.3] [1.8,3.3] [6.3,7.8] 
2A  [5.9,7.1] [5.9,7.4] [2.63,4.0] [2.9,4.4] [2.12,3.63] 
3A  [4.8,6.25] [4.0,5.5] [3.3,4.8] [1.5,2.9] [1.12,2.5] 
4A  [5.9,7.4] [3.3,4.8] [3.3,4.8] [2.5,4.0] [4.8,6.3] 
 
 
 Ai  1D  2D  3D  4D  IJG⊗  
1L  1A  VG G MG MG [6.6,8.4] 
 
2A  F MG G G [5.9,7.4] 
 
3A  MG F F MG [4.8,6.25] 
 
4A  G MG F G [5.9,7.4] 
2L  1A  G MP  F MG [4.8,6.3] 
 
2A  MG G MG MG [5.9,7.4] 
 
3A  G MP MG   P [4.0,5.5] 
 
4A  P MG MP   F [3.3,4.8] 
3L  1A  MG G MP F [4.8,6.3] 
 
2A  P VP  F MG [2.63,4.0] 
 
3A  F  MP P MG [3.3,4.8] 
 
4A  F    F MP MP [3.3,4.8] 
4L  1A  P    P MP MP [1.8,3.3] 
 
2A  F MP P F [2.9,4.44] 
 
3A  VP   P MP MP [1.5,2.9] 
 
4A    F MP    P MP [2.5,4.0] 
5L  1A  G G MG MG [6.3,7.8] 
 
2A  P MP F P [2.12,3.63] 
 
3A  VP P P MP [1.12,2.5] 
 
4A  MG G MP F [4.8,6.3] 
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Step 4:  Then, the grey normalized decision table has been formed. According to the Eq. 4.6, 
the grey normalized decision matrix table shown in Table 4.15. 
 
Table 4.15: Grey normalized decision-matrix 
 
Step 5:  The grey weighted normalized decision table has been established. According to the 
Eq. 4.7, the grey weighted normalized decision table has been shown in Table 4.16. 
 
Table 4.16: Grey weighted normalized decision matrix 
 
 
Step 6: The ideal agile manufacturer maxA taken as a referential alternative. According to Eq. 
4.8, the ideal maxA alternative has been shown as follows: 
           
maxA ={[0.66,0.95],[0.62,0.93],[0.46,0.75],[0.44,0.83],[0.61,0.89]} 
 
Step7:  The grey possibility degree between compared alternatives set }A,......A,A{A 421=
and ideal referential supplier alternative Amax calculated. According to Eq. 4.9, the 
results of the grey possibility degree are shown as follows: 
              584.0)AA(P max1 =≤                                   74.0)AA(P max2 =≤  
              892.0)AA(P max3 =≤                                   771.0)AA(P max4 =≤  
              The smaller one is better. 
 
Step 8:  According to Step 7, which is the outcome of the grey based method, the result of 
ranking order is shown as follows: 3421 AAAA 〉〉〉  
iA  1L  2L  3L  4L  5L  
1A  [0.79,1.00] [0.65,0.85] [0.762,0.1.00] [0.4,0.75] [0.81,1.00] 
2A  [0.702,0.85] [0.79,1.00] [0.42,0.63] [0.66,1.00] [0.27,0.466] 
3A  [0.571,0.74] [0.54,0.74] [0.53,0.76] [0.34,0.66] [0.14,0.32] 
4A  [0.702,0.88] [0.45,0.65] [0.53,0.762] [0.57,0.91] [0.62,0.81] 
iA  1L  2L  3L  4L  5L  
1A  [0.66,.95] [.372,.567] [.228,.341] [.503,.755] [0.61,0.89] 
2A  [0.58,0.81] [0.62,0.93] [0.25,0.47] [0.44,0.83] [0.20,0.41] 
3A  [0.47,0.70] [0.43,0.69] [0.31,0.57] [0.22,.755] [0.10,0.28] 
4A  [0.58,0.84] [0.36,0.60] [0.31,0.57] [0.38,0.75] [0.46,0.72] 
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It can, therefore, be concluded that the agile system 1A is the best out of the four. Also 2A
should be an   important alternative. The next important alternative is 4A  whereas 3A  is the 
worst as far as agility is concerned. 
 
TOPSIS is known as one of the most classical MADM methods based on the idea that the 
chosen alternative should have the shortest distance from the positive ideal solution and on the 
other side the farthest distance from the negative ideal solution (Hwang and Yoon, 1981). In 
classical MADM methods, the ratings and the weights of the criteria are known precisely. 
However, in real word situation, because of incomplete or non-obtainable information, for 
example, human judgments including preferences are often vague and difficult to estimate 
preferences with exact numerical data; rather  data (attributes) are usually fuzzy or imprecise 
(Chen and Hwang, 1992; Zadeh,1965). Therefore, fuzzy-TOPSIS is used to efficiently handle 
the fuzziness of the data involved in the decision making for agility evaluation. Such type of 
approaches have been used in the past in various decision making situations (Wang and 
Chang, 2007; Kahraman et al., 2007; Abo-Sinna and Amer, 2005; Abo-Sinna et al., 2008). In 
order to compare the ranking of agile enterprises obtained through grey-based decision making 
approach, the well-known approach used for such purpose like fuzzy-TOPSIS. Triangular fuzzy 
numbers appear as useful means of quantifying the uncertainty in decision making due to their 
intuitive appeal and computation efficacy representation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
          
Fig 4.1: A triangular fuzzy number 
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The triangular fuzzy numbers (TFN) can be denoted as )c,b,a(A~ = illustrated in Fig. 4.1, where 
the parameter a indicates the smallest  possible  value, b the most promising value and c 
indicates the largest possible value The corresponding membership function )x(
A~
µ is defined 
as: 
 





≤≤−
≤≤−−
=µ
otherwise0,
c,xb),cc)/(b-(x
bxaa),a)/(b(x
)x(
A~
                                            (4.10) 
 
MC manufacturing agility evaluation based on concept of fuzzy TOPSIS has been carried out 
using same five criteria such as agility of organization management, product design, processing 
manufacturer, partnership formation capability and integration of information system. The five 
criteria are denoted as L1, L2, L3, L4, and L5. There have been the same four decision-makers 
(expert group) denoted as D1, D2, D3, and D4. The number of alternatives or agile organizations 
has again been same four as A1, A2, A3, and A4. The linguistic variables selected for evaluating 
weight of each criterion and ratings of alternatives have been shown in Table 4.17 and Table 
4.18, respectively. 
Table 4.17: Linguistic variables for importance weight of each criterion 
  Linguistic Scale      Weights 
Very Low (VL) [0.00,0.00,0.30] 
Low (L) [0.15,0.30,0.45] 
Medium  Low (ML) [0.30,0.60,0.90] 
Medium (M) [0.80,0.90,1.00] 
Medium  High (MH) [0.95,1.00,1.05] 
High (H) [1.00,2.00,3.00] 
Very high (VH) [2.50,3.50,3.50] 
 
 
Table 4.18:  Linguistic variables for appropriateness ratings 
 
Linguistic Scale    Ratings 
Very Poor (VP) [0.0,0.0,1.0] 
Poor (P) [0.5,1.0,1.5] 
Medium  Poor (MP) [1.0,2.0,3.0] 
Fair (F) [2.5,3.0,3.5] 
Medium  Good (MG) [3.0,4.0,5.0] 
Good (G) [4.5,5.0,5.5] 
Very Good (VG) [5.0,6.0,6.0] 
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The heterogeneous information generated from decision-makers has been transformed by 
aggregating the weight of criteria. If the fuzzy ratings of multiple-experts for various criteria are 
described by fuzzy numbers KR
~
= (ak, bk, ck) where k = 1,2,…k, then aggregated fuzzy rating 
determined by R~ =(a, b, c). Here, 
}a{mina kk= , ∑
=
=
k
1k
kbk/1b , }c{maxc kk=                                                        (4.11) 
Each decision maker uses the linguistic variables given in Table 4.17 for assigning weight of 
each criterion. The criteria weight by each decision maker is shown in Table 4.19. The weights 
have been aggregated using Eq. 4.11. 
 
The decision-makers have been instructed to use the linguistic variables shown in Table 4.18 to 
evaluate the ratings of alternatives with respect to each criterion. The aggregated ratings of four 
alternatives under five criteria have been shown in Table 4.20 using Eq. 4.11. Then, fuzzy 
decision-matrix (determined from Table 4.20) has been shown in Table 4.21 along with the 
criteria weights. 
The fuzzy decision matrix has been normalized next. The linear scale transformation has been 
used here to transform various criteria in to comparable scale. If the rating of a criterion i under 
alternative j is given by (aij, bij, cij), then the normalized fuzzy ratings can easily be obtained 
using Eq. 4.12, because, all the criteria have been assumed benefit in-nature, considered in this 
study. The weighted normalized fuzzy decision matrix has been shown in Table 4.22. 
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Table 4.19: Importance weight of criterions 
 
 
 
 
 
 
 
 
1D  2D  3D  4D      Weights 
1L   H  VH VH H [1.00,2.75,3.50] 
2L  VH  H H H [1.00,2.37,3.50] 
3L  M MH H MH [ 0.8,1.22, 3.00] 
4L  MH MH  H H [0.95,1.50,3.00] 
5L  VH MH H H [0.95,2.12,3.50] 
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Table 4.20: Attribute ratings for alternatives 
 
 
 
 
Table 4.21: Fuzzy decision-matrix and corresponding fuzzy weights 
 
Criteria/Alternatives 
1A  2A  3A  4A  Weight 
1L  [3.0, 4.75, 6.0] [2.5, 4.37, 5.5] [2.5, 3.5, 5.0] [2.5, 4.25, 5.5] [1.0, 2.75, 3.5] 
2L  [1.0, 3.5, 5.5] [3.0, 4.25, 5.5] [0.5, 3.0, 5.5] [0.5, 2.5, 5.0] [1.0, 2.37, 3.5] 
3L  [1.0, 3.5, 5.5] [0.0, 2.0, 5.0] [0.5, 2.5, 5.0] [1.0, 2.5, 3.5] [0.8, 1.22, 3.0] 
4L  [0.5, 1.5, 3.0] [0.5, 2.25, 3.5] [0.0, 1.25, 3.0] [0.5, 2.0, 3.5] [0.95, 1.5, 3.0] 
5L  [3.0, 4.5, 5.5] [0.5, 1.75, 3.5] [0.0, 1.0, 3.0]  [1.0, 3.5, 5.5] [0.95, 2.12, 3.0] 
 
 
 
      iA  
         
1D  2D  3D  4D  Ratings 
1L  1A  VG G MG MG [3.0,4.75,6.0] 
 
2A  F MG G G [2.5,4.37,5.5] 
 
3A  MG    F F MG [2.5,3.5,5.0] 
 
4A  G MG   F   G [2.5,4.25,5.5] 
2L  1A  G MP  F MG [1.00,3.5,5.5] 
 
2A  MG G MG MG [3.0,4.25,5.5] 
 
3A  G MP MG   P [0.5,3.0,5.5] 
 
4A  P MG MP   F [0.5,2.5,5.5] 
3L  1A  MG G MP F [1.0,3.50,5.5] 
 
2A  P VP  F MG [0.0,2.0,5.0] 
 
3A  F MP P MG [0.5,2.5,5.0] 
 
4A  F    F MP MP [1.0,2.5,3.5] 
4L  1A  P    P MP MP [0.5,1.5,3.0] 
 
2A  F MP P F [0.5,2.25,3.5] 
 
3A  VP   P MP MP [0.0,1.25,3.0] 
 
4A    F MP    P MP [0.5,2.0,3.5] 
5L  1A  G G MG MG [3.0,4.5,5.5] 
 
2A  P MP F P [0.5,1.75,3.5] 
 
3A  VP P P MP [0.0,1.0,3.0] 
 
4A  MG G MP F [1.0,3.5,5.5] 
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The weighted normalized decision-matrix has been determined next. The weighted normalized 
decision-matrix has been obtained simply by multiplying the importance weights of evaluation 
criteria and the values in the normalized fuzzy decision matrix. The weighted normalized 
decision-matrix has been shown in Table 4.23. 
The fuzzy positive ideal solution (A*) and fuzzy negative ideal solution ( −A ) have been 
determined as follows from Table 4.23. 
=
∗A  =[(3.5,3.5,3.5),(3.5,3.5,3.5),(2.73,2.73,2.73),(1.92,1.92,1.92), (3.5,3.5,3.5)] 
 
−A  =[(0.45,0.45,0.45),(0.09,0.09,0.09),(0,0,0), (0,0,0), (0,0,0)] 
 
The distance of each alternative from A* and −A  have been calculated by vertex method. The 
results  of  all  alternatives  distances  from  Fuzzy Positive Ideal Solution (FPIS)  and  Fuzzy 
Negative Ideal Solution (FNIS)  have been  shown  in  Table 4.24 and Table 4.25, respectively. 
In the TOPSIS method, the closeness coefficient ( iCC ) for each alternative is defined to 
determine the ranking order of all alternatives. The distance from positive ideal solution ∗d  and 
negative ideal solution −d  of each alternative have been calculated (Table 4.26).  
   m,...,2,1i,
dd
dCC
i
*
i
i
i =
+
=
−
−
                                                                                                     (4.13)          
 
According to the iCC , the ranking order of all alternatives can be determined and thereby, the 
best alternative from among a set of feasible alternatives can be selected. The higher value of 
iCC  indicates that an alternative is closer to the positive ideal solution and farther from the 
negative ideal solution, simultaneously. A value of 1 (or 100 per cent) for an alternative indicates 
that the alternative is equal to the positive ideal solution and a value of 0 (or 0 per cent) is equal 
to the negative ideal solution. The best alternative is the one with the greatest relative closeness 
to the positive ideal solution. 
According to the closeness coefficient (Table 4.27), the ranking order of four alternatives has 
been determined as follows: 
 3421 AAAA 〉〉〉    
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The first agile alternative has been determined as the most appropriate alternative. It is to be 
noted that the ranking obtained via grey based approach is similar to ranking of alternatives 
obtained by fuzzy-TOPSIS method.  
Here, it is demonstrated that grey based method and fuzzy-TOPSIS results in same order of 
ranking for the agile alternatives. The first alternative is the best for providing the 
comprehension of manufacturing features in mass customization through proposed agility index 
by related dimensions of management and technology. Although grey based method and fuzzy- 
TOPSIS are both appropriate for multi-criteria decision making problem, grey based approach is 
intuitively appealing due to less computational effort and simplicity in structure. The 
normalization procedure in grey based approach is simple and logical as compared to fuzzy 
TOPSIS method. The ranking values shown in Table 4.27 have been plotted in Fig. 4.2. It can 
be easily noted that the grey based approach clearly provides distinction among the alternatives 
because high degree of variation of ranking values has been observed. However, sometimes 
the ranking values in case of fuzzy-TOPSIS may not be distinguishable.   
 
Table 4.22: Normalized fuzzy decision-matrix 
 
Criteria/Alternatives 
1A  2A  3A  4A  
1L  [0.5, 0.79, 1.0] [0.45, 0.79, 1.0] [0.45, 0.64, 0.91] [0.45, 0.77, 1.0] 
2L  [0.17, 0.58, 0.91] [0.5, 0.71, 1.0] [0.09, 0.54, 1.0] [0.09, 0.45, 0.91] 
3L  [0.17, 0.58, 0.91] [0.0, 0.33, 0.91] [0.09, 0.45, 0.91] [0.18, 0.45, 0.64] 
4L  [0.08, 0.25, 0.50] [0.09, 0.41, 0.64] [0.0, 0.23, 0.54] [0.09, 0.36, 0.64] 
5L  [0.50, 0.75, 0.92] [0.09, 0.32, 0.64] [0.0, 0.18, 0.54] [0.18, 0.64, 1.0] 
 
 
Table 4.23: Weighted normalized fuzzy decision-matrix 
 
Criteria/Alternatives 
1A  2A  3A  4A  
1L  [0.5, 2.17, 3.50] [0.45, 2.17, 3.5] [0.45, 1.76, 3.18] [0.45, 2.11, 3.5] 
2L  [0.17, 1.37, 3.18] [0.5, 1.68, 3.5] [0.09, 1.28, 3.5] [0.09, 0.16, 3.18] 
3L  [0.14, 0.71, 2.73] [0.0, 0.402, 2.73] [0.07, 0.55, 2.73] [0.14, 0.55, 1.92] 
4L  [0.076, 0.37, 1.5] [0.76, 0.62, 1.92] [0.0, 0.34, 1.62] [0.08, 0.54, 1.92] 
5L  [0.47, 1.59, 3.22] [0.08, 0.68, 2.24] [0.0, 0.38, 1.89] [0.17, 1.36, 3.50] 
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Table 4.24: Distance between Ai (i=1, 2, 3, 4) and ∗A with respect to each criterion 
 
Criteria/Alternatives 
1L  2L  3L  4L  5L  ( )*1 , AAd  1.895 2.29 1.90 1.41 2.07 ( )*2 , AAd  1.920 2.03 2.07 1.30 2.66 ( )*3 , AAd  2.040 2.35 1.99 1.45 2.86 ( )*4 , AAd  1.940 2.76 2.09 1.33 2.29 
 
 
Table 4.25: Distance between Ai (i=1, 2, 3, 4) and −A  with respect to each criterion 
 
Criteria/Alternatives 
1L  2L  3L  4L  5L  ( )−AAd ,1  2.02 1.93 1.63 0.89 2.09 ( )−AAd ,2  2.02 2.19 1.59 0.17 1.35 ( )−AAd ,3  1.75 2.09 1.61 0.96 1.11 ( )−AAd ,4  2.00 1.78 1.16 1.15 2.17 
 
 
 
Table 4.26: Computation of ,∗id
−
id and iCC
 
 
 
1A  2A  3A  4A  
*
id  9.565 9.980 10.690 10.410 
−
id  8.560 7.320 7.520 8.260 
iCC  0.470 0.450 0.450 0.440 
 
 
Table 4.27: Computed values of ( )maxi AAP ≤  and iCC
 
 
 ( )maxAAP i ≤  iCC  
1A  0.584 0.470 
2A  0.740 0.450 
3A  0.892 0.410 
4A  0.771 0.440 
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4.2.7 Concluding Remarks 
Multi attribute decision making (MADM) has been used to select an alternative from several 
alternatives according to various criteria. The uncertainty and vagueness always face up by 
decision makers in the decision making process from subjective perception and experience. In 
conventional MADM problems, the ratings and the weights of the attributes must be known 
precisely. The input information in many situations is often uncertain and cannot be estimated 
by an exact numerical value. In ranking of agile manufacturers (for mass customization) has 
many uncertainties, because, the concept of agility has not been percolated into industries 
extensively. Therefore, linguistic evaluation models for selecting appropriate agile-based 
manufacturing system to catch the traits involved in mass customization have been proposed in 
this study. The procedures of grey based and fuzzy TOPSIS decision making shows how to 
reach at a more effective decision dealing with uncertainty and vagueness from subjective 
perception. Both the methods concentrate on application of linguistic approximation to address 
agility capability measurement. Although both the methods results in same order of ranking for 
the alternatives, grey based approach is intuitively appealing due to less computation effort and 
logical process of normalization. The approach can take into account the condition of fuzziness 
and works well for smaller data set. The ranking values obtained by grey based approach are 
quite distinguishable so that ambiguity can be avoided in final decision making.  
 
 
 
Fig 4.2: Comparison of grey method and Fuzzy-TOPSIS for four agile alternatives 
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4.3 Agility Evaluation in Fuzzy Context:  
Influence of Decision-Makers’ Risk Bearing Attitude 
 
4.3.1 Overview 
The second millennium draws attention for major paradigm shift in manufacturing sectors. As a 
result every next moment a new window is being opened for manufacturing. The competitive 
priority of manufacturing firms gradually shifted from ‘cost’ in 1960s to ‘time’ at present. During 
1950-60s, the strategic trend in industries was viewed towards cost reduction but it was shifted 
to production in 1960-70s; product quality in 1970-80s; the concept of Just-In-Time (JIT) and 
lean manufacturing came into picture during 1980-90s.  
In upcoming competitive era, successful survival to face ‘ever-changing environment’ in global 
business scenario is one of the major thrust areas for every manufacturing cum production 
units. Industries are frequently facing unpredictable, high-frequency market changes stimulated 
by technological innovations, turbulence in marketplace, and dynamic customer demand/ 
expectations. Increased fierce competition in the market is indeed inevitable today which is 
driven by the world economy globalization. It is facilitating the entry of numerous competitors in 
the world market (Gunasekaran et al., 2008; Saisse and Wilding, 1997). Severe competition in 
today’s business environment has resulted improvement of fully dynamic and unpredictable 
processes, thereby, optimizing manufacturing process and performance. Therefore, an industry 
can withstand against such critical situation by incorporating major revision and restructuring in 
the existing business strategies execution. There is indeed a need to develop organizational 
flexibility and responsiveness. 
In the contemporary market scenario, customers demand frequently change in a very 
unpredictable manner. This situation indicates the dynamic nature of customers’ demands. 
Hence, the modern manufacturing organizations should be capable of reconfiguring their 
existing manufacturing system to suit the dynamic customers’ demands (Brown and Bessant, 
2003). This condition forces for acquiring the new concept of ‘agility’ and to sift toward agile 
manufacturing (AM) paradigm. Agile manufacturing addresses new ways of running companies 
to react quickly and effectively to ever-changing markets, driven by customer-designed products 
and services. The foundation for AM is an integration of technologies, people, facilities, 
information systems and strategies of business process. Agile enterprise in general can provide 
lower manufacturing costs, increase market share, satisfy customer requirements, facilitate 
rapid introduction of new products, and eliminate non-value added activities. Therefore, agile 
manufacturing has aroused great attention all over the world.  
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Agility is basically a holistic concept, primarily about adaptability, which is achieved through 
reconfiguration capability. Agility can be defined as the ability of an organization to adapt and 
react to unexpected or unforeseen changes is critical to achieving and maintaining a competitive 
advantage (Ganguly et al., 2009). It is all about customer responsiveness and market 
turbulence and requires specific capabilities that can be achieved using ‘lean thinking’ (Hoak, 
2005). 
Agility is mutuality compatible with lean manufacturing, Computer Integrated Manufacturing 
(CIM), Total Quality Management (TQM), Material Requirement Planning (MRP), Business 
Process Reengineering (BPR), employee empowerment (Kidd, 1994). The researchers have 
established that agile manufacturing encompasses lean manufacturing and flexible 
manufacturing system concepts (Sarkis, 2002). Organizational flexibility is considered as the 
organization’s ability to adjust its internal structures and processes in response to changes in 
the environment (Reed and Blunsdon, 1998). 
However, while embracing the key success factors of agile manufacturing, there are many 
important questions to be asked concerning a firm’s agility level; how and to what degree does 
the organizational attributes affect companies’ business performance; how to measure the 
agility extent of a company and how to assist in achieving and enhancing existing agility level 
more effectively (Yusuf et al., 2001; James-Moore, 1997; Sharp et al., 1999). Therefore, agility 
assessment is viewed an important research agenda in implementing agile manufacturing in 
practice.  
It is indeed a vital issue in strategic planning to determine the degree of agility that an 
organization currently possesses. It helps the managers to formulate strategic plans and future 
visions by understanding to what extent an organization is required to be made agile. To 
achieve an appropriate strategic plan, the business decision mechanism is usually composed of 
multiple experts (decision-makers) who implement such kinds of decision analysis. 
The present study focuses on the development of a conceptual model to evaluate agility index 
quantitatively, a unique and unprecedented attempt in agility measurement using fuzzy logic to 
address the ambiguity in agility evaluation. In this evaluation model, the concept of ranking of 
fuzzy numbers has been explored with index of optimism at the stage of data input for 
computing the pooled risk bearing attitude of the decision-makers (DM). The influence of human 
perception (like fair, conservative and adventurous decision-maker) on estimated agility index 
has been examined as well. The application feasibility of the procedural framework has been 
practically case studied and reported here.  
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4.3.2 State of Art and Problem Statement 
A through literature survey has been carried out from the perspective viewpoint of agility 
evaluation and related aspects. An enhanced flexible approach based on fuzzy association rule 
mining was proposed by (Jain et al., 2008) towards evaluating agility in consideration with 
various attributes such as flexibility, profitability, quality, innovativeness, pro-activity, speed of 
response, cost and robustness. Vinodh et al. (2010a) presented an agility index measurement 
model containing twenty criteria incorporated with multi grade fuzzy approach. 
Chandna (2008) reported a fuzzy logic based framework incorporating certain operational 
parameters for the assessment of manufacturing agility. Vinodh et al. (2010c) developed a fuzzy 
analytic network process (ANP) was proposed for agile concept selection for a manufacturing 
organization. 
Arteta and Giachetti (2004) developed a methodology to estimate extent of agility. The authors 
concentrated mainly in listing out the changes undertaken to modify the existing system. They 
suggested a system using Petri Nets approach for changing existing practices to achieve 
enhanced agility. Yang and Li (2002) proposed a procedure to assess agility using fuzzy logic 
approach. The authors explored a scale of 2–10 to indicate whether the company possessing 
agility or not. In order to estimate agility extent in fuzzy context, (Kumar and Motwani, 1995; Lin 
et al., 2006a, b) defined the concept called fuzzy agility index (FAI) to measure agility degree.  
Sharifi and Zhang (1999) contributed a scoring model for determining the agility level. Their 
questionnaire was sent to around 1,000 companies. They reported that the awareness on the 
agility was 2.8 out of 5 (i.e. 56%). Using this model, it was possible to identify the areas that 
were either strongly or weakly practiced by an organization to achieve agility. In another paper 
(Sharifi and Zhang, 2000) contributed two different tools that were encapsulated in agility 
assessment model. The first tool was made to determine whether a company requires to 
implement agile programme or not; the second tool facilitated assessment of the agility level. 
Tsourveloudis (1999) categorized manufacturing agility into four divisions/ infrastructures in 
order to estimate it. Overall agility was calculated by applying fuzzy logic to individual agility 
scores in production infrastructure, market infrastructure, people infrastructure and information 
infrastructure as well. 
Yauch (2005) developed a survey based method that calculated agility by measuring turbulence 
and organizational success. Agility was expressed by the formula: 
5
T
xSAgility 3=
                                                                                                                    (4.14)
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Here, S was the organizational success score and T the turbulence. 
Most articles in literature focused on evaluating agility index (AI).  Like (Kumar and Motwani, 
1995) developed a methodology for assessing time-based competitive advantage of 
manufacturing firms. Agility measurement model for virtual enterprise was reported by 
(Goranson, 1999). Hoek et al. (2001) attempted to establish an audit of agility in the supply 
chain.  
Agile manufacturing is a philosophical concept and precise quantitative agility estimation is 
really difficult in practice. It is believed that agile providers- attribute(s) and agile criterions are 
logically interconnected and the degree of successful performance of different key agile 
element, as a whole, contributes to overall agility extent. Most of the agile criterions being 
subjective; expert opinion is the only choice to capture human perception towards linguistic 
judgment of criterions’ performance level. However, an overall agility estimate is indeed 
necessary to infer on the present agile practices; to benchmark various agile enterprises and to 
identify agile barriers which require future attention for improvement. In this context application 
of fuzzy logic has gained immense popularity. Fuzzy logic is an efficient mathematical tool to 
correlate linguistic human judgments which are of full of ambiguity, vagueness and incomplete 
in nature, to a mathematical basis. Agility issues related to agility system modeling, fuzzy agility 
index evaluation have been addressed in the literature to a considerable extent (Yaghoubi et al., 
2011; Garbie, 2011; Kaveh et al., 2011; Radfar, 2011;  Somuyiwa et al., 2011;  Karuppusami et 
al.; 2011; Zandi et al., 2011; Tseng and Lin, 2011). However, the effect of decision-making 
environment and the influence of decision-making attitude (of the decision-makers) have been 
viewed rarely attempted in the literature. To this end, the present work aims at contributing 
towards exploration of an agility index evaluation procedural framework to investigative decision 
makers risk bearing attitude on agility evaluation. Three types of decision-making attitude (viz. 
neutral, risk-avertor and risk-lover) have been analyzed and compared.   
 
4.3.3 The Agility Evaluation Framework Adopted 
The key success factor towards implementing agile manufacturing concept is remaking or 
rebuilding of manufacture enterprise. According to (Swafford et al., 2006) agility provided the 
capability to the organization to embed the changes in the marketplace and exploit market 
opportunities with speed as well as quickness. When the organization is ready to move towards 
agility, the journey of introducing agile practices into the development existing process begins. A 
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manufacturing sector should essentially possess a set of capabilities responding to changes in 
the marketplace.  
Agile practices are concrete activities and practical techniques that are to be used to develop 
and manage software projects in a manner consistent with the agile principles. For a truly agile 
enterprise, it should possess a number of distinguished agile enablers. Wilson and Platts (2010) 
reported that flexibility could be identified as an important criterion to provide the ability to the 
firms to deal with uncertainty and unpredicted changes in today’s business environments. 
Flexibility is an ability to process different products and achieve different objectives with the 
same facilities. Quickness is the ability to carry out tasks and operations in shortest possible 
time. Agile manufacturing may require some current best practices, lean production concepts, 
technologies and taken-for-granted assumptions to be re-evaluated, modified or even 
abandoned. An agile manufacturing system shifts quickly among product models or between 
product-lines, ideally in real-time response to customer demand (Yusuf et al., 1999), using a 
toolbox of well-known techniques and methods such as lean manufacturing, Total Quality 
Management (TQM) or Business Process Engineering. It addresses a company’s organizational 
structure, the impact of people and information, partnerships with other organizations. 
It is, therefore, an important problem for evaluating enterprise agility level of and to determine 
whether an enterprise is fit for survival against market competition successfully. So 
organizations must seek ways to adopt agile practices and determine the degree of agility they 
can gain (Elssamadisy, 2006). For agility assessment, in order to determine agile potentials, 
some measurement index or scale is indeed necessary to enable agility assessment of an 
entity. The agile practices and concepts are foundational to the agile measurement index. The 
extent to which agile practices and concepts can be adopted determines the agility of an 
ongoing process. Extensive literature review on various agile models and related evaluation 
platform; an integrated model for agility appraisement system has been designed and adopted 
in the present study which consists of three level agile indices as furnished in (Table 4.28). The 
model comprises three levels of agility. Level 1 consists of five agile capabilities/ enablers 
(providers); Level 2 consists of thirteen agile attributes and Level 3 consists of a total of sixty 
five agile criterions.  
The aforesaid model has been case studied in an Indian famous automobile part manufacturing 
industry at eastern India. Agile scenario of the said industry has been analyzed and interpreted 
from managerial viewpoint. Agility evaluation procedural hierarchy and its implication while 
capturing decision-makers different risk bearing attitude have been illustrated in later sections.  
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4.3.4 Procedural Hierarchy 
Company’s agility practices are the key success indicators that ensure required potential 
strength and competitiveness to respond appropriately towards frequent business changes. 
Therefore, agility practices/ agility culture must provide means for agility measurement for a 
particular company. The agility index can be defined as combination of agile practices intensity 
levels. This means to what extent various agile practices are being performed appropriately. 
The fuzzy agility index evaluation system is a hierarchical model; it encompasses multiple fuzzy 
comprehensive evaluation methodologies to be utilized. The computation is to be started from 
lower layer (agile criterions) to the middle layer (agile attributes); then finally to top layer (agile 
capabilities/providers) to acquire required agility index. 
The concept of hierarchical structure analysis with three distinct phases has been adopted in 
the present research. The first part is to develop an agile framework; secondly, to compute the 
agility index in fuzzy context; the third part is to analyze pooled risk bearing attitude of decision-
makers as described in later sections.  
Step 1: By utilizing the knowledge acquired from literature review, a conceptual agility index 
evaluation framework has been developed by analyzing industrial environment, 
competitive market, customers’ requirement and experts’ opinion through a 
questionnaires survey (shown in Table 4.28). It has been designed as a three-level 
hierarchical model. The main objective i.e. agility, influenced by some agile 
enablers/providers, that have been placed at the highest level of the hierarchy. The main 
objective has been divided into five dimensions: organization management agility, 
product design agility, processing manufacture agility, partnership formation capability 
and integration of information system. The second level of hierarchy includes thirteen 
decision domains (attributes); and the third level consists of sixty five agile criterions. 
Step 2: A committee of decision-makers is to be formed. Suppose there is a committee of n  
decision-makers ( )
....,,2,121
...,,,
nin
DDD
=
who are responsible for assessing the agility 
index under k agile practices ( ) kjkCCC ...,,2,121 ...,,, = for a particular manufacturing 
industry. 
Step 3: A linguistic scale for appropriateness ratings and importance weights of different agile 
metrics is to be wisely chosen. In order to assess the performance ratings of various 
agile practices, the linguistic variable set S = {Very Good (VG), Good (G), Fair (F), 
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Poor (P) and Very Poor (VP)} can be used in (0-10) point scale. In order to assess 
priority weights of corresponding agile practices the linguistic variable set W = {Very 
High (VH), High (H), Medium (M), Low (L), Very Low (VL)} may be used in (0-1) point 
scale. 
Step 4: Expert opinions are to be drawn from the decision-makers for appropriate ratings and 
importance weights of different agile metrics. The evaluation committee has to compute 
aggregated fuzzy weight ijW  and iW . Here ijW is the aggregated fuzzy priority weight of thj
agile criteria (which is under thi attribute); iW be the weight of thi agile attribute.  
Step 5: The agility index of the organization is represented by .I  It is the product of the overall 
assessment factor ( )R and the overall weight ( )W .The equation for agility index is shown 
as follows: 
           
RWI ⊗=
                                                                                                                  (4.15) 
           
The agility index assessment is done at three stages: as primary assessment, secondary 
and tertiary assessment. The calculation is performed in a hierarchical order from third 
level to second level and finally at first level i.e. to obtain overall agility index. Then the 
final score iF fuzzy appropriateness index for decision-makers iD can be obtained. 
Step 6: Let ( )ijijijij poqS ,,= and ( ).,, ijijijij bacW = iF  can be obtained by ( )iiii ZQYF ,,≅ . The 
total index of rating attitudeβ which reflects the decision maker’s risk bearing attitude 
with evaluation data of individuals can be obtained by (Chang, 1994): 
    
input
n
1i
k
1j
n
1i
k
1j
ijijijijijij )nknk/()]qp/()qo()ca([ ∗+∗−−+−=β ∑∑ ∑∑
= = = =
                                    (4.16) 
The ranking values ( )iT FU can be approximately obtained by Eq. 4.17, 
)]YQxx/()Yx(1)[1()]ZQxx/()xz[()F(U ii12i2ii121iiT −+−−−β−++−−−β≅
          (4.17)
 
For { } { }nn ZZZYYYXni ...,,,maxXand...,,,min;...,,2,1 212211 ===  
Step 7: The ranking order for fuzzy appropriate indices for different set of decision makers is 
found out. 
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Step 8: Thus, the overall agile index is computed. The assessment is carried out in four grades: 
Value (0.85-1) represents very agile, (0.6-0.85) represents agile; (0.35-0.6) moderately 
agile, and (0.1-0.35) indicates merely agile. 
  
4.3.5 Case Study 
The proposed model has been verified in an automobile part manufacturing industry located at 
eastern part of India. A committee of four decision makers ( )4321 ,,, DDDD  has been 
constructed. Three case studies have been critically examined and analyzed as well. Through a 
questionnaire survey, expert opinions i.e. subjective judgment of human perception have been 
captured for all agile practices highlighted in the model. The linguistic scale for fuzzy 
appropriateness rating and weights of corresponding agile practices has been determined as 
shown in (Appendix: Tables 4.29-4.30) for 5.0≈β ; (Appendix: Tables 4.36-4.37) for 2.0≈β and 
(Appendix: Tables 4.43-4.44) for .9.0≈β The linguistic representation for fuzzy appropriateness 
rating and weights of corresponding agile practices has been determined as shown in 
(Appendix: Tables 4.31 and Tables 4.32-4.34) for 5.0≈β ; (Appendix: Table 4.38 and Tables 
4.39-4.41) for 2.0≈β and (Appendix: Table 4.45 and Tables 4.46-4.48) for .9.0≈β The agility 
assessment has been carried out according to Eq. (4.15) at each level of the agility; starting 
from the third level. The final result has been presented in later section.
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Table 4.28: Proposed agility appraisement model  
Sl. No. Level 1 index Level 2 index Level 3 index 
1. Organization 
management agility (I1) 
Agility in institutional framework (I11) Existence of a well-defined system architecture to promote 
agility (I111) 
   Establishing a physically distributed manufacturing architecture 
precisely in a stable state (I112) 
   Ability to rapidly set up the entire organization adaptable to new 
method of  operation (I113) 
   
Frequency of enterprise modeling (I114) 
   Adaptability of best practices in other organizations by 
benchmarking (I115) 
   Application of business process reengineering (BPR) for 
reinventing and reengineering the organization (I116) 
   Good housekeeping practices (I117) 
  Team building agility (I12) Speed of the team building (I121) 
   
Formation of team across company borders (I122) 
   Use of interdisciplinary teams by organizing themselves to take 
the advantages of market opportunities(I123) 
   Empowerment of personnel to resolve customer and process 
related problems (I124) 
  Production organizing agility (I13) Adoption of  Concurrent  Engineering (CE) (I131) 
   
Identification of market for new products (I132) 
   Degree of innovation and new product development (NPD) 
techniques that calls for uniqueness and novelty in the product 
(I133) 
   
Degree of automation applied to manufacturing  (I134) 
   
Degree of automation in inspection systems (I135) 
2. Product   Design Agility 
(I2) 
Product design flexibility (I21) Management’s interest towards evolving new product models  
(I211) 
   
Extent of inculcation of innovation into product design(I212) 
   
Degree of Recycling orientation during  product  design(I213) 
   
The serating degree of the product (I214) 
   
Degree of standardization and commonality (I215) 
   Speed  at  which  suppliers  are  being  developed   for new  
products (I216) 
   
Similarity of  the product structure (I217) 
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   Preparedness of the management to invest on latest design 
techniques like RP and CAD/CAM (I218) 
   
Products incorporated with modular design (I219) 
  Customer demand information agility 
(I22) 
Swiftness in obtaining demand information (I221) 
   
Extent of customer satisfaction orientation (I222) 
   The proportion of information processing time in product 
period(I223) 
  Product Design Speed(I23) Time for product development cycle time (I231) 
   
Design selection that minimizes the no of parts (I232) 
   
Design lead time (I233) 
3. Processing manufacture 
agility (I3) 
Re-configurability of manufacturing 
system (I31) 
Capability of packaging the integrated unit in a modular fashion 
(I311) 
   
Supplement tool displacement (I312) 
   
Displacement compatibility(I313) 
   Displacement of process variety(I314) 
   
Design for manufacturing and assembly(I315) 
  Speed of manufacturing (I32) Period of both inter-lot and in-lot set up time(I321) 
   
Speed of material handling systems(I322) 
   
Leadership in the use of current technology(I323) 
   
The overall period of product manufacture(I324) 
   
The proportion of manufacturer period in products period (I325) 
  Manufacturing flexibility (I33) Flexible material handling equipment (I331) 
   
The universal degree of equipment (I332) 
   
The scalable degree of equipment (I333) 
   
Flexibility of equipment (I334) 
4. Partnership formation 
capability (I4) 
Inter-organization co-ordination (I41) Degree of enterprise integration (I411) 
   Degree of cooperation with other enterprise (I412) 
 
   Reliable network of suppliers (I413) 
   Adoption of SCM concepts for enhancing the outsourcing 
efficiency (I414) 
  Cross-border Collaboration (I42) Strategic relationship with customers (I421) 
   Speed of development of products jointly with other companies 
(I422) 
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Trust based relationship (I423) 
   
Speed of partnership formation (I424) 
   
Formation of Virtual manufacturing enterprise(VME) (I425) 
5. Integration of Information 
system (I5) 
Information management agility (I51) Interoperability and Networking (I511) 
   
Ability to exchange information (I512) 
   Utilizing artificial intelligence(AI) with computer aided design 
(I513) 
   
Correctness and accuracy of data (I514) 
   
Maintenance information system (I515) 
   Companywide integration of information system (I516) 
   IT application to eliminate paper work (I517) 
   Adoption of multimedia technology (I518) 
  Speed of information (I52) Information and network utilization rate (I521)  
   
Utilization of electronic data exchange system (EDI) (I522) 
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Results of Case Study 1 
Overall weight: 
,1.0000)] ,0.8250 (0.65000000),0.8000,1. (0.60000000),0.8000,1. (0.60000000),0.7750,1. (0.55000000),0.8000,1. 0.6000([W =
Overall assessment vector: 
,87.3500) 3.3739(17.3325,42.2000),44.0261,9 (16.5375,92.2000) ,45.1789 17.6925(,84.3500) ,39.3311 (14.0775
,75.5988) 2.9273(10.3825,3,76.2463) ,33.3043 (10.5525,78.1656) ,34.5973 (11.2325,78.6050) ,33.9059 (10.5075
,95.5269) 1.0994(12.6563,402.1681),42.9291,1 (12.5287,106.7125) ,44.5702 (12.7988,109.8925) ,47.3258 (14.5763
,87.2706) 6.2341(10.3875,3112.1625)  49.3982   (15.952595.1950) , ,40.0027 (11.6525,82.0119) ,31.7317 (7.3200
,104.9563) 5.9123(14.7900,4,112.0438) ,50.4450 (16.85001.5587)46.3133,10 , (15.9625,109.5687) ,48.0295 15.5000(
R =
 
,450.7025) 159.8162 (39.6765,,494.8206) 175.9479 , (43.4820,473.8319) ,168.6593 (41.9052,464.4281) ,160.4492 (37.5266I =
  
The total index of rating attitude β  taking (Eq. 4.16)  has been find out to reflect the decision makers  risk bearing attitude.    
5169.0=β  
The ranking value for four decision makers has been find out according to the (Eq. 4.17) and shown in (Appendix: Table 4.35). 
UT(F1) = 0.3922, UT(F2) = 0.4042, UT(F3) = 0.4179  UT(F4) = 0.3878 
The overall agility index is 0.4005, which belongs to the range (0.35-0.6) i.e. moderately agile. 
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Results of Case study 2 
Overall weight: 
,1.0000)] ,0.8250 (0.65000000),0.8000,1. (0.60000000),0.8000,1. (0.60000000),0.7750,1. (0.55000000),0.8000,1. 0.6000([W =
 
Overall assessment vector: 
,87.3500) 3.3739(17.3325,42.2000),44.0261,9 (16.5375,92.2000) ,45.1789 17.6925(,84.3500) ,39.3311 (14.0775
,75.5988) 2.9273(10.3825,3,76.2463) ,33.3043 (10.5525,78.1656) ,34.5973 (11.2325,78.6050) ,33.9059 (10.5075
,95.5269) 1.0994(12.6563,402.1681),42.9291,1 (12.5287,106.7125) ,44.5702 (12.7988,109.8925) ,47.3258 (14.5763
,87.2706) 6.2341(10.3875,3112.1625)  49.3982   (15.952595.1950) , ,40.0027 (11.6525,82.0119) ,31.7317 (7.3200
,104.9563) 5.9123(14.7900,4,112.0438) ,50.4450 (16.85001.5587)46.3133,10 , (15.9625,109.5687) ,48.0295 15.5000(
R =
 
,450.7025) 159.8162 (39.6765,,494.8206) 175.9479 , (43.4820,473.8319) ,168.6593 (41.9052,464.4281) ,160.4492 (37.5266I =
 
The total index of rating attitude β  taking (Eq. 4.16)  has been find out to reflect the decision makers  risk bearing attitude.   
 
0.2073 =β  
The ranking value for four decision makers has been find out according to the (Eq. 4.17) and shown in (Appendix: Table 4.42). 
UT (F1) = 0.1396,   UT (F2) = 0.2122, UT (F3) = 0.2001,   UT (F4) = 0.1628 
The overall agility index is 0.1786, which belongs to the range (0.1-0.35) i.e. merely agile. 
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Results of Case Study 3 
Overall weight: 
,1.0000)] ,0.8250 (0.65000000),0.8000,1. (0.60000000),0.8000,1. (0.60000000),0.7750,1. (0.55000000),0.8000,1. 0.6000([W =
Overall assessment vector 
,87.3500) 3.3739(17.3325,42.2000),44.0261,9 (16.5375,92.2000) ,45.1789 17.6925(,84.3500) ,39.3311 (14.0775
,75.5988) 2.9273(10.3825,3,76.2463) ,33.3043 (10.5525,78.1656) ,34.5973 (11.2325,78.6050) ,33.9059 (10.5075
,95.5269) 1.0994(12.6563,402.1681),42.9291,1 (12.5287,106.7125) ,44.5702 (12.7988,109.8925) ,47.3258 (14.5763
,87.2706) 6.2341(10.3875,3112.1625)  49.3982   (15.952595.1950) , ,40.0027 (11.6525,82.0119) ,31.7317 (7.3200
,104.9563) 5.9123(14.7900,4,112.0438) ,50.4450 (16.85001.5587)46.3133,10 , (15.9625,109.5687) ,48.0295 15.5000(
R =
 
     
,450.7025) 159.8162 (39.6765,,494.8206) 175.9479 , (43.4820,473.8319) ,168.6593 (41.9052,464.4281) ,160.4492 (37.5266I =
 
The total index of rating attitude β  taking (Eq. 4.16)  has been find out to reflect the decision makers  risk bearing attitude.   
 
0.9297=β  
The ranking value for four decision makers has been find out according to the (Eq. 4.17) shown in (Appendix: Table 4.49). 
UT (F1) =0 .8171,   UT (F2) = 0.7881, UT (F3) = 0.7462,   UT (F4) = 0.8001 
The overall agility index is 0.7878, which belongs to the range (0.6-0.85) i.e. very agile. 
 
 
200 
 
Aforesaid case studies reflect the effect of variation of decision-makers risk bearing attitude 
towards estimating overall agility index and to dictate the present state of organizational agility 
level. For a conservative DMs group, the enterprise agility level has been estimated as ‘merely 
agile’ as the DMs are risk avertor. Fair or neutral decision-making group has analyzed the same 
enterprise agility level as ‘moderately agile’; while for an adventurous decision-making group, 
the organizational agility level has been evaluated as ‘very agile’ as the decision-makers have 
been driven by their risk-loving attitude.  
For Case Study 1: The overall agility index obtained is 0.4005, which belongs to the range 
(0.35-0.6) i.e. moderately agile. For Case Study 2: The overall agility index is 0.1786, which 
belongs to the range (0.1-0.35) i.e. merely agile. For Case Study 3: The overall agility index is 
0.7878, which belongs to the range (0.6-0.85) i.e. very agile. 
It has been found that the fuzzy value of organizational agility degree varies with the type of 
decision-making group chosen. Estimation of the same organizational agility level provides 
different results for different decision-making group depending on individuals risk bearing 
attitude. Therefore, it is an important managerial decision to select the particular decision-
making group to compute and analyze agility level for a particular organization. In case of 
benchmarking of various agile enterprises the decision-making group bearing same attitude 
should be utilized.  
 
4.3.6 Managerial Implications 
Aforesaid study reveals that selection and composition of the decision-making team (decision-
makers) bears significant impact on the decision outcome. Decision making environment as well 
as decision-makers attitude also influences the said decision outcome. It is therefore, indeed 
necessary to assess the extent of influence of decision-makers’ risk bearing attitude, towards 
agility estimation. In the present study, it has been revealed that change in decision-makers’ 
attitude results consideration change in existing agility level measured in the predefined agility 
scale. Management should decide the type of decision-makers’ risk bearing attitude to be 
considered in the decision-making process. The same type must be chosen towards agility 
appraisement for other enterprises for the purpose of comparison (from agility point of view), 
benchmarking and selection of the best agile enterprise.     
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4.3.7 Concluding Remarks  
Agile Manufacturing is an operational strategy which emphasizes on inducing speediness and 
flexibility in a make-to-order or configure-to-order production process with minimal changeover 
time and interruptions. Agile Manufacturing products are definitely capable of competing directly 
with standard products, providing a customer with configurable opportunity to specialize a 
product. Agile system modeling and corresponding agility assessment forum have been 
attempted and well documented in literature while the influence of decision-makers risk bearing 
attitude and the effect of decision-making environment on estimating overall agility degree has 
rarely been attempted by the pioneers. In this context, the present study explores an extended 
agility model in a specific organization’s hierarchy and reflects how decision-making attitude 
alters snapshot of organizational agility scenario.     
  
Compared to the existing literature, the contribution of the present research has been 
highlighted below. 
 
1. Development of fuzzy based integrated agility appraisement module. 
2. Incorporation of variation of decision-makers risk bearing attitude in the said 
appraisement module. 
3. The research reflects considerable effect of variation of decision-makers attitude towards 
agility estimation.   
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CHAPTER 5 
 
 
 
 
 
SUPPLIER EVALUATION AND 
SELECTION IN  
AGILE SUPPLY CHAIN 
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5.1 Supplier Evaluation in ASC using Fuzzy Logic   
5.1.1 Overview 
In today’s turbulent business environment it is evident that a business must be agile as well as 
efficient. Supply chains can help in achieving this through enhancing the ability to respond 
quickly to customer demand and by reducing operating costs. One of the biggest challenges 
facing organizations today is the need to respond to ever increasing levels of volatility in 
demand. Agility is defined as the capability of surviving and prospering in a competitive 
environment of continuous and unpredictable change by reacting quickly and effectively to 
changing markets, driven by customer designed high-quality, high-performance, products and 
services (Chandna (Kharbanda), 2008). Agile supply chains need to be highly flexible in order to 
reconfigure quickly in response to changes in their environment. Supplier lies in the first node of 
the supply chain. Rational supplier evaluation (and selection) is really important to the entire 
supply chain’s agility. An effective supplier selection process is indeed essential for this. To this 
end, present work highlights an integrated performance appraisement module towards 
suppliers’ evaluation in agile supply chains. Apart from evaluating suppliers’ overall performance 
index; the study has been extended to identify ill-performing areas in which suppliers should 
prosper in future. Fuzzy logic has been adapted here to facilitate the said appraisement 
modelling. 
 
5.1.2 Importance and Issues of Supplier Evaluation in Agile Supply Chain 
Agile manufacturing is a concept focused on meeting customers’ needs while maintaining high 
standards of product quality and controlling the overall costs involved in the production process. 
This approach is geared towards companies working in a highly competitive environment, where 
small variations in performance and product delivery can make a remarkable difference in the 
long term to a company’s survival and reputation among the consumers. 
[Source: http://www.wisegeek.com/what-is-agile-manufacturing.htm] 
Companies aiming to utilize an agile manufacturing philosophy must maintain very strong 
networks with suppliers and related companies, along with numerous cooperative teams which 
work within the company to deliver products effectively. They should retool facilities quickly, 
negotiate new agreements with suppliers and other partners in response to abruptly changing 
market forces, and take necessary steps to meet customer unpredicted demands. This means 
that the company can increase production with a high consumer demand, as well as 
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redesign/reconfigure products to respond to issues which have emerged on the open 
marketplace. 
In recent era of globalization, market has become turbulent. Markets can change very quickly, 
especially in the global economy. A company which cannot adapt quickly to change may lag 
behind. The goal of agile manufacturing is to take competitive advantage, which allows it to 
continue innovating and introducing new products, because it is financially stable and it has a 
strong consumer support base. 
Kaveh and Mohammad (2012) developed a three-stage fuzzy Data Envelopment Analysis 
(DEA) approach to measure performance of a serial process including JIT practices, agility 
indices, and goals in supply chains.  
Agile supply chains need to be highly flexible in order to reconfigure quickly in response to 
changes in their environment. An effective supplier selection process is essential for this (Luo et 
al., 2009). 
  
5.1.3 State of Art and Problem Formulation   
Supplier selection is basically a Multi-Criteria Decision Making (MCDM) problem involving 
qualitative as well as quantitative criteria. Existing literature is rich in dealing with such MCDM 
problem related to suppliers’ evaluation in general context. Agile suppliers’ selection (or 
suppliers’ selection cum evaluation) in agile supply chain are now being viewed as a special 
area of focus.   
Das and Barman (2010) developed a two-stage decision framework for evaluating suppliers of 
high-value and critical items with reference to a heavy engineering organization by employing 
the Analytic Hierarchy Process (AHP). The first stage involved examining the qualifying criteria 
of the items on quality, while the second stage was concerned with identifying all other relevant 
attributes, including quality concerning high-value and critical items applicable to the 
organization under study, and with finding out the relative importance of the same. Raut et al. 
(2011) proposed a combined MCDM methodology: Fuzzy analytic hierarchy process (AHP) and 
linear programming (LP) utilized for assigning weights of the criteria for supplier selection and 
TOPSIS (technique for order preference by similarity to ideal solution) was used to determine 
the most suitable alternative using these criteria weights. 
Sandeep et al., (2011) used fuzzy strategy-aligned simple multi-attributes rating technique 
(SMART) for supplier selection process. Mahdiloo et al. (2012) focused on the DEA based 
supplier selection problem with volume discount offerings. Mishra et al. (2012) applied VIKOR 
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method adopted in a fuzzy environment to assess multi-criteria attributes on suppliers' 
performance and to select the best supplier among a group of alternative suppliers. Individual 
attribute weights as well as supplier's attribute measures were expressed in terms of linguistic 
fuzzy numbers, then a hierarchy MADM model based on fuzzy sets theory and VIKOR method 
was applied to deal with such a supplier selection problem.  
As found in literature, several decision-making tools have been applied to facilitate suppliers’ 
selection problem. Some relevant works carried out especially in the suppliers’ selection in agile 
supply chain have been documented below.  
Lou et al., (2002) reported on application of AHP/DEA method for the vendor selection in the 
agile supply chain. Baramichai (2007) and Baramichai et al. (2007) proposed a comprehensive, 
modular decision support system, which included tools, models, and framework to assist 
companies in making three key purchasing decisions, the supplier-buyer relationship 
establishment, the supplier performance evaluation, and the supplier selection and order 
allocation. The author introduced the QFD-based model, Agile Supply Chain Transformation 
Matrix (ASCTM), for determining appropriate strategy and approaches for supply chain 
configuration and supplier-buyer relationship establishment; the comprehensive framework 
consisting of tools, metrics, and model structures for evaluating supplier's agile performance; 
and the Stochastic Supplier and Order Allocation Portfolio model (S-SOAP) for determining the 
purchasing decision related to supplier selection, contract establishment, and order allocation 
assignment under uncertainty.  
Wu and Barnes (2008) applied neural network-based supplier evaluation model on Agile Supply 
Chain-based Supplier Selection and Evaluation. Hasan et al. (2008) applied Analytical Network 
Process (ANP) and Data Envelopment Analysis (DEA) in a multi-phased supplier selection 
approach in an agile manufacturing environment. Initially, ANP was executed to appraise 
suppliers on their qualitative benefits, generating quantitative data from these qualitative 
dimensions. Secondly, DEA was used to synthesize the data to arrive at a ranking of the 
suppliers. Ren et al. (2009) proposed a decision-support framework for the evaluation and 
selection of business partners in order to help the industry form agile supply chains.  
Wu and Barnes (2009) presented a model designed to provide feedback and continuous 
improvement during the process of supplier selection in agile supply chains (ASCs). The model 
was made seeking to capitalize on the increased application of the supplier section process by 
applying principles of continuous improvement and organizational learning. Its aim was to 
support organizational decision-makers in their efforts to optimize the performance of the supply 
chain by ensuring that only the most appropriate suppliers are selected at all times. Luo et al. 
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(2009) developed a model to overcome the information-processing difficulties inherent in 
screening a large number of potential suppliers in agile supply chains. Based on radial basis 
function artificial neural network (RBF-ANN), the model enabled potential suppliers to be 
assessed against multiple criteria using both quantitative and qualitative measures. Fang et al. 
(2010) analysed the standard for evaluating jet fuel supplier and constructs an evaluation index 
system for jet fuel supplier evaluation in an agile supply chain. Wu and Barnes (2010) 
formulated partner selection criteria for agile supply chains using Dempster–Shafer belief 
acceptability optimization approach. 
Ghahremanloo and Tarokh (2011) contributed to the discussion on agility in SCM and provided 
a novel focus on the integration in ASC. This research proposed a multi-agent-based model of 
ASCM that was capable of supporting the resource coordination between agents through a 
combinatorial action mechanism as well as selecting agile supplier. This model was validated by 
means of fuzzy multi-objective linear programming. Wu and Barnes (2012) presented a four-
phase dynamic feedback model for supply partner selection in agile supply chains (ASCs). The 
model considered both quantitative and qualitative techniques, including the Dempster-Shafer 
and optimization theories, radial basis function artificial neural networks (RBF-ANN), analytic 
network process-mixed integer multi-objective programming (ANP-MIMOP), Kraljic's supplier 
classification matrix and principles of continuous improvement.  
In today’s competitive global markets, selection of a potential supplier plays an important role to 
cut production costs as well as material costs of the company. This leads to successful survival 
and sustainability in competitive marketplace. The current business environment has imposed 
competitive pressures on suppliers to match the needs of buyer(s) in terms of quantity, quality, 
product mix, cost, time and place of delivery, and other performance measures. The focus on 
competitive supply chains and extended enterprises requires the adoption of agile 
manufacturing practices requiring their suppliers to have agile attributes (Hasan et al., 2008). In 
this context, an evaluation and selection of an appropriate supplier has become an important 
part of agile supply chain management. The nature of supplier selection process is a complex 
Multi-Attribute Group Decision Making (MAGDM) problem which deals with both quantitative 
and qualitative factors may be conflicting in nature as well as contain incomplete and uncertain 
information. In order to solve such kind of MAGDM problems, development of an effective 
supplier selection module is evidently desirable. 
This study establishes a fuzzy based structured evaluation module towards investigating the 
suitability of suppliers for an organization competing on agile manufacturing characteristics. 
Quantitative and qualitative factors have been explored to appraise supplier’s performance to fit 
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within an organization’s agility practices. The proposed evaluation module has been extended 
towards identifying ill-performing areas in which a particular supplier seeks future improvement. 
 
 
5.1.4 Proposed Fuzzy Based Supplier Evaluation Module 
A fuzzy based supplier evaluation module in agile manufacturing proposed in this work has 
been present below. General Hierarchy Criteria (GHC) for supplier selection in ASC, adapted in 
here has been shown in Table 5.1. It consists of three-level index system; 1st level aims at 
achieving the target to evaluate suppliers’ overall appraisement index. 2nd level comprises of 
various selection criterions and the 3rd level illustrates sub-criterions under different 2nd level 
criteria. Production and logistics management, Partnership management, Financial capability, 
Technology and knowledge management, Marketing capability, Industrial and organizational 
competiveness and Human resource management have been shown as 2nd level criteria 
followed by various sub-criteria in 3rd level. Procedural steps for suppliers’ evaluation have been 
presented as follows: 
1. Selection of linguistic variables towards assigning criteria weights (both at 2nd and 3rd level) 
and appropriateness rating (performance extent) corresponding to each sub-criterion at 3rd level. 
2. Collection of expert opinion (subjective judgment) from a selected decision-making group in 
order to express priority weight as well as appropriate rating against each of the selection 
criterion. 
3. Representing decision-makers’ linguistic judgments using appropriate fuzzy numbers set. 
4. Use of fuzzy operational rules towards estimating aggregated weight as well as aggregated 
rating (pulled opinion of the decision-makers) for each of the selection criterion. 
5. Calculation of computed performance rating of 2nd level criteria and finally overall suppliers’ 
performance index, called Fuzzy Performance Index (FPI) i.e. targeted goal at the 1st level. 
Appropriateness rating iU  for thi 2nd level criterion has been computed as follows: 
∑
∑ ⊗
=
ij
ijij
i
w
wU
U                                                                                                                      (5.1) 
In this expression (Eq. 5.1) ijU is denoted as the aggregated fuzzy appropriateness rating 
against thj  sub-criterion (at 3rd level) which is under thi main criterion in 1st level. ijw is the 
aggregated fuzzy weight against thj  sub-criterion (at 3rd level) which is under thi main criterion in 
2nd  level.  
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The Fuzzy Performance Index (FPI) at 1st level has been computed as: 
( )
∑
∑ ⊗
=
i
ii
w
wU
FPIU
                                                                                                              (5.2) 
In this expression (Eq. 5.2) iU is denoted as the computed fuzzy appropriateness rating 
(obtained using Eq. 5.1) against thi main criterion in 2nd level. iw is the aggregated fuzzy priority 
weight against thi main criterion in 1st level. 
6. Investigation for identifying ill-performing areas those seek for future improvement.   
 
 
5.1.5 Empirical Research   
Empirical data has been explored to investigate application feasibility of the proposed 
appraisement platform. Initially a decision-making group has been assumed constructed by the 
top management of an organization consisting of a number of decision-makers. After critical 
investigation and scrutiny each decision-maker has been instructed to explore the linguistic 
scale (Table 5.2) towards assignment of priority weight and appropriateness rating against each 
selection criterion. Tables 5.3-5.4 (furnished in Appendix) provides decision-makers’ subjective 
judgment in linguistic terms in relation to weight assignment. Appropriateness rating (subjective 
score as given by the decision-makers) for 3rd level sub-criterions has been furnished in 
(Appendix: Table 5.5). These linguistic expressions (human judgment) have been converted into 
appropriate generalized trapezoidal fuzzy numbers as presented in Table 5.2. The method of 
simple average has been used to obtain aggregated priority weights of 2nd level criteria and 3rd 
level sub-criteria (Appendix: Tables 5.6-5.7). Similarly, aggregated fuzzy appropriateness rating 
has been obtained for 3rd level sub-criteria and shown in (Appendix: Table 5.6). Computed fuzzy 
performance ratings for 2nd level main criterions have thus been obtained by using Eq. 5.1 
(Appendix: Table 5.7). Finally, Eq. 5.2 has been used to obtain overall FPI.  
The FPI thus obtained as: (0.4419, 0.6059, 0.8782, 1.2112). 
The FPI may be compared with a predefined performance estimation scale set by the 
management to check the current performance practices for the suppliers’. Thus, ill-performing 
areas may be sorted out and in future, the said supplier should think of feasible means towards 
improvement of its overall performance degree. 
The concept of ‘Ranking of fuzzy numbers with maximizing set and minimizing set’ has been 
adapted here to indentify ill-performing areas of suppliers’ performance. 3rd level sub criteria 
have been ranked based on their individual aggregated performance rating (Table 5.8). In this 
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computation, three types of decision-makers risk bearing attitude [ ( )1,5.0;0 === ααα i.e. 
pessimistic, moderate and optimistic decision-maker] have been explored to estimate overall 
utility score against each 3rd level sub-criterions. The sub-criterion with higher utility degree is 
assumed to have top ranking order. Thus, supplier selection sub-criterions have been ranked 
accordingly. 
The study also utilizes the concept of ‘Degree of Similarity’ between two fuzzy numbers (Chen 
1996; Heish and Chen, 1999; Chen and Chen, 2003; Yong et al., 2004; Chen, 2006; Sridevi and 
Nadarajan, 2009) for 3rd level sub-criteria ranking. In this computation, individual aggregated 
performance rating of 3rd level sub-criterion has been compared with the overall ‘FPI’ in order to 
compute degree of similarity between them. 
The degree of similarity between individual aggregated criterion performance ratings with overall 
FPI has been computed and furnished in Table 5.9. Higher value of DOS yields top ranking 
order for the particular sub-criterion. In other words, it can be inferred that the particular 3rd level 
sub-criterion whose DOS value is high, contributes more to the overall ‘Fuzzy Performance 
Index’.  
Based on the concept of DOS, supplier’ selection sub-criterions have been ranked and 
compared with the results obtained, thereof using the concept of ‘total utility degree’. Thus, it 
can be concluded that ‘Degree of Similarity’ concept may be one of the feasible means towards 
identifying ill-performing suppliers’ selection sub-criteria. 
 
5.1.6 Managerial Implications 
The objective of this reporting is to develop an efficient decision support system to help 
industries to improve their supply agility by focusing on the suppliers’ evaluation and selection 
processes. Because, under today’s volatile business environment, companies are reaching the 
point where they need to be more agile-intelligent, fast, flexible, and responsive to changes 
(Baramichai, 2007). Literature reveals that considerable amount of work has been carried out by 
pioneer researchers towards supplier selection cum evaluation in the context of Agile Supply 
Chain Management (ASCM). Most of the appraisement indices (supplier selection criteria) being 
subjective in nature, fuzzy analysis of expert opinion is indeed logical as well as scientific. Apart 
from performance assessment, another important aspect is the need for identifying weakly 
performing areas. It has been found that in analyzing agility index in fuzzy context, previous 
researchers used the concept of ‘maximizing set and minimizing set’ (for comparing a pair of 
fuzzy numbers) based on their individual utility values. The purpose was to identify agile barriers 
[Lin et al., 2006a, b; Vinodh et al., 2010a, b, c, d].  Thus, agile criterions were ranked 
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accordingly. It is felt that the same concept can also be applied to identify areas in which 
supplier’s performance is unsatisfactory. It is also felt that apart from utilizing the concept of 
fuzzy numbers ranking using ‘maximizing set and minimizing set’; the concept of ‘Degree of 
Similarity Measure’ (between a pair of fuzzy numbers) may be suitable to sort out various weak 
areas.  Motivated by this, the present work aims at developing a fuzzy integrated overall 
performance assessment module to estimate an overall supplier’s evaluation index (SEI) in 
ASCM. The work proposes an alternative approach towards identifying ill-performing areas as 
well. Industries may adopt the proposed appraisement philosophy to select appropriate supplier 
towards improving overall supply chain agility.      
 
 
5.1.7 Concluding Remarks 
In today’s turbulent competitive global market place, supply chain agility has become one of the 
major concerns for every manufacturing industry, production units and their supply chains. 
Suppliers play an important role in supply chain management. Appropriate supplier selection 
through implementing effective appraisement module may enhance overall supply chain agility. 
In this context, present study proposes a fuzzy induced suppliers’ appraisement module and 
extends towards indentifying ill-performing areas. Apart from estimating suppliers’ overall 
performance index, the work proposes exploration of the concept of ‘Degree of Similarity’ 
(between two fuzzy numbers) to identify weak areas that need future improvement to improve 
overall performance degree.    
The contributions of this part of research have been summarized as follows: 
1. Development of a fuzzy-based appraisement module towards evaluation as well as selection 
of appropriate supplier in agile supply chain. 
2. Estimation of a unique appraisement index highlighting candidate suppliers’ overall 
performance. 
3. The proposed appraisement module helps individual suppliers to identify ill-performing areas 
which require future improvement. 
4. The study proposes the concept of ‘Fuzzy Degree of Similarity’ as a tool to rank suppliers’ 
performance ratings against individual evaluation criterions.      
The research can be extended in the following directions: 
1. Benchmarking of individual suppliers’ in agile supply chain. 
2. To investigate possible means by which suppliers’ can improve ill-performing areas.    
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Table 5.1: General hierarchy criteria (GHC) for supplier evaluation in ASC 
 
1st Level 2nd Level criteria, Ci 3rd Level sub-criteria, Ci,j 
Evaluation index of  
potential suppliers in 
ASC, C 
Production and logistics management, C1 Production volume flexibility, C1,1 (Sarkar and Mahapatra, 2006) 
Variation in types of products or services, C1,2 (Choy et al., 2003) 
Post-sales service and support, C1,3 (Choi and Hartley, 1996) 
Order lead time, C1,4 (Chung et al., 2005) 
Responsiveness to customer needs, C1,5 (Choy et al., 2003) 
Condition of physical facilities, C1,6 (Chung et al., 2005) 
Design capability, C1,7 (Sarkar and Mahapatra, 2006) 
Cost-reduction capability, C1,8 (Yigin et al., 2007) 
Quality philosophy, C1,9 (Sarkar and Mahapatra, 2006) 
Delivery capacity and reliability, C1,10 (Yigin et al., 2007) 
Distribution network performance and quality, C1,11 (Lin and Chen, 2004) 
Quality assurance system, C1,12 (Yigin et al., 2007) 
Manufacturing network performance, C1,13 (Choi and Hartley, 1996) 
Order fulfillment rate, C1,14 (Narasimhan et al., 2006) 
Average defect rate, C1,15 (Hajidimitriou and Georgiou, 2002) 
Price/cost ratio, C1,16 (Talluri et al., 1999) 
Geographical location, C1,17 (Yan et al., 2003) 
Production capabilities, C1,18 (Talluri et al., 1999) 
Sophistication of product lines, C1,19 (Choy et al., 2003)  
Capabilities to provide quality product/service, C1,20 (Lin et al., 2006a, b) 
Quality stability, C1,21 (Mikhailov, 2002) 
Volatility of product mix, C1,22 (Talluri et al., 1999) 
Transportation cost, C1,23 (Narasimhan et al., 2006) 
Service level, C1,24 (Choy et al., 2002) 
Consistent conformance to specifications, C1,25 (Choi and Hartley, 1996) 
Warranty period, C1,26 (Xia and Wu, 2007) 
Partnership management, C2 Government relationships, C2,1 (Harvey and Lusch, 1995) 
Information available on supplier, C2,2 (Gencer and Gurpinar, 2007) 
Risk of failure cooperation, C2,3 (Ip et al., 2003) 
Easy communication, C2,4 (Ngai et al., 2004) 
Willing to invest in sales training, C2,5 (Cavusgil et al., 1995) 
Compatible management styles, C2,6 (Hajidimitriou and Georgiou, 2002) 
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Industrial experience, C2,7 (Luo, 1998) 
Cost to integration, C2,8 (Ip et al., 2003) 
Alliance experience, C2,9 (Harvey and Lusch, 1995) 
Willingness to resolve conflict, C2,10 (Choi and Hartley, 1996) 
Financial institution relationship, C2,11 (Harvey and Lusch, 1995) 
Closeness to past relationship, C2,12 (Choi and Hartley, 1996) 
Data information, C2,13 (Ngai et al., 2004) 
Relationship building flexibility, C2,14 (Lin and Chen, 2004)  
Power relative to potential partner, C2,15 (Harvey and Lusch, 1995) 
Company’s reputation to integrity, C2,16 (Sarkar and Mahapatra, 2006) 
The stability of the joint venture, C2,17 (Lorange et al., 1992) 
Time needed to integration, C2,18 (Ip et al., 2003) 
Track record with past suppliers, C2, 19 (Cavugil et al., 1995) 
Compatible organization cultures, C2,20 (Hajidimitriou and Georgiou, 2002) 
Foreign experience, C2,21 (Luo, 1998) 
Willingness to reveal financial records, C2,22 (Choi and Hartley, 1996) 
Financial capability, C3 Net operating margin, C3,1 (Mikhailov, 2002) 
Asset/Liability ratio, C3,2 (Luo, 1998)  
Gross profit margin, C3,3 (Gencer and Gurpinar, 2007) 
The growth rate of business income, C3,4 (Mikhailov, 2002) 
Stockholders’ equity ratio, C3,5 
Cash flow per share, C3,6 
Earnings per share of stock, C3,7 
Debt/equity ratio, C3,8 (Harvey and Lusch, 1995)  
Inventory turnover, C3,9 
Liquidity ratio, C3,10 
Total revenue, C3,11 (Chung et al., 2005) 
Assets rates of increment, C3,12 (Dacin et al., 1997) 
Net profits growth rates, C3,13 (Lin and Chen, 2004) 
Accounts receivable turnover, C3,14  
Technology and knowledge management, C4 Technical capability, C4,1 (Sarkar and Mohapatra, 2006) 
Cost of alternatives, C4,2 (Narasimhan et al., 2006) 
Technical advice , C4,3 (Dulmin and Mininno, 2003) 
Knowledge of local business practices, C4,4 (Hajidimitriou and Georgiou, 
2002) 
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Information systems and communication, C4,5 (Yigin et al., 2007) 
Partners’ ability to acquire your firm’s special skills, C4,6 (Xia and Wu, 2007) 
Obtain partners’ local knowledge, C4,7 (Dulmin and Mininno, 2003) 
Parent security, C4,8 (Cavusgil et al., 1995) 
Willingness to share expertise, C4,9 (Ngai et al., 2004) 
Technology innovation, C4,10 (Choy et al., 2003) 
Special skills that you can learn from partners, C4,11 (Dulmin and Mininno, 
2003) 
Product familiarity, C4,12 (Dulmin and Mininno, 2003) 
Equipment status of the partners, C4,13 (Gencer and Gurpinar, 2007) 
Repair turnaround time, C4,14 (Xia and Wu, 2007) 
Marketing capability, C5  Product/service brand value, C5,1 (Luo, 1998) 
Brand loyalty, C5,2 (Harvey and Lusch, 1995) 
Sales force, C5,3 (Cavusgil et al., 1995) 
Local political and cultural environment, C5,4 (Lorange et al., 1992) 
Customer demanded changes, C5,5 
Rapid market entry, C5,6 (Hajidimitriou and Georgiou, 2002) 
General reputation, C5,7 (Choy et al., 2002) 
Better export opportunities, C5,8 (Hajidimitriou and Georgiou, 2002) 
Experience with target customers, C5,9 (Cavusgil et al., 1995) 
Market position, C5,10 (Luo, 1998) 
Market share, C5,11 (Cavugil et al., 1995) 
Variation in price, C5,12 (Lin and Chen, 2004) 
Price level, C5,13 (Mikhailov, 2002) 
Culture of customer service, C5,14 (Choy et al., 2002) 
Marketing competence, C5,16 (Luo, 1998) 
Supplier representatives’ competence, C5,17 (Choi and Hartley, 1996) 
Variation in demand quantity, C5,18 (Talluri, 1999) 
Customer loyalty, C5,19 (Luo, 1998) 
Marketing expertise/knowledge, C5,20 (Harvey and Lusch, 1995)  
Industrial and organizational competiveness, 
C6  
Strategic position in the marketplace, C6,1 (Harvey and Lusch, 1995) 
Bargaining power of suppliers, C6,2 (Harvey and Lusch, 1995) 
Industry attractiveness, C6,3 (Dacin et al., 1997) 
Strategic orientation, C6,4 (Luo, 1998) 
Influence on industry, C6,5 (Harvey and Lusch, 1995) 
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Rivalry among existing firms, C6,6 (Harvey and Lusch, 1995)  
Complementarily of product lines, C6,7 (Cavugil et al., 1995)  
Corporate market position, C6,8 (Harvey and Lusch, 1995) 
Functional competencies, C6,9 (Sarkar and Mahapatra, 2006) 
Bargaining power of buyers, C6,10 (Harvey and Lusch, 1995) 
Relative power of organization, C6,11 (Harvey and Lusch, 1995) 
Unique competencies, C6,12 (Dacin et al., 1997) 
Threat of substitute products, C6,13 (Harvey and Lusch, 1995) 
Human resource management, C7 Entrepreneurial creativity, C7,1 (Harvey and Lusch, 1995)   
Quality of local personnel, C7,2 (Sarkar and Mahapatra, 2006)  
Human resource management skill, C7,3 (Yigin et al., 2007) 
Learning ability, C7,4 (Luo, 1998) 
Organizational leadership, C7,5 (Luo, 1998) 
Product and market expertise, C7,6 (Cavusgil et al., 1995) 
Corporate culture, C7,7 (Talluri et al., 1999) 
Quality of management team, C7,8 (Cavusgil et al., 1995) 
 
Table 5.2: Definitions of linguistic variables for criteria ratings and priority weights (A-9 member linguistic term set)  
 
Linguistic terms  
(Attribute/criteria ratings) Linguistic terms (Priority weights)  
Generalized trapezoidal fuzzy 
numbers 
Absolutely Poor (AP) Absolutely Low (AL) (0, 0, 0.0625, 0.125) 
Very Poor (VP) Very Low (VL) (0.0625, 0.125, 0.1875, 0.25) 
Poor (P) Low (L) (0.1875, 0.25, 0.3125, 0.375) 
Medium Poor (MP) Medium Low (ML) (0.3125, 0.375, 0.4375, 0.5) 
Medium (M) Medium (M) (0.4375, 0.5, 0.5, 0.5625) 
Medium Good (MG) Medium High (MH) (0.5, 0.5625, 0.625, 0.6875) 
Good (G) High (H) (0.625, 0.6875, 0.75, 0.8125) 
Very Good (VG) Very High (VH) (0.75, 0.8125, 0.875, 0.9375) 
Absolutely Good (AG) Absolutely High (AH) (0.875, 0.9375, 1, 1) 
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Table 5.8: 3rd level sub-criteria ranking based on utility score 
Sub-criteria UT Scores 
(when 0=α ) 
Ranking 
order 
UT Scores 
(when 5.0=α ) 
Ranking 
order 
UT Scores 
(when 1=α ) 
Ranking 
order 
C1,1 0.7298 3 0.8182 3 0.9066 3 
C1,2 0.8359 1 0.9095 1 0.9831 1 
C1,3 0.4823 9 0.5707 9 0.6591 9 
C1,4 0.6591 4 0.7475 4 0.8359 4 
C1,5 0.6238 5 0.7122 5 0.8006 5 
C1,6 0.4470 10 0.5354 10 0.6238 10 
C1,7 0.6238 5 0.7122 5 0.8006 5 
C1,8 0.3232 12 0.3851 12 0.4470 12 
C1,9 0.5884 6 0.6768 6 0.7652 6 
C1,10 0.4823 9 0.5707 9 0.6591 9 
C1,11 0.5530 7 0.6414 7 0.7298 7 
C1,12 0.3409 11 0.4116 11 0.4823 11 
C1,13 0.8006 2 0.8790 2 0.9574 2 
C1,14 0.5177 8 0.6061 8 0.6945 8 
C1,15 0.8006 2 0.8790 2 0.9574 2 
C1,16 0.5177 8 0.6061 8 0.6945 8 
C1,17 0.5530 7 0.6414 7 0.7298 7 
C1,18 0.6591 4 0.7475 4 0.8359 4 
C1,19 0.8006 2 0.8790 2 0.9574 2 
C1,20 0.5177 8 0.6061 8 0.6945 8 
C1,21 0.3055 13 0.3674 13 0.4293 13 
C1,22 0.6591 4 0.7475 4 0.8359 4 
C1,23 0.3232 12 0.3851 12 0.4470 12 
C1,24 0.5884 6 0.6768 6 0.7652 6 
C1,25 0.7298 3 0.8182 3 0.9066 3 
C1,26 0.8359 1 0.9095 1 0.9831 1 
C2,1 0.6591 4 0.7475 4 0.8359 4 
C2,2 0.8006 2 0.8790 2 0.9574 2 
C2,3 0.5177 8 0.6061 8 0.6945 8 
C2,4 0.6238 5 0.7122 5 0.8006 5 
C2,5 0.3409 11 0.4116 11 0.4823 11 
C2,6 0.8006 2 0.8790 2 0.9574 2 
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Table 5.8 (Continued)  
Sub-criteria UT Scores 
(when 0=α ) 
Ranking 
order 
UT Scores 
(when 5.0=α ) 
Ranking 
order 
UT Scores 
(when 1=α ) 
Ranking 
order 
C2,7 0.5177 8 0.6061 8 0.6945 8 
C2,8 0.8006 2 0.8790 2 0.9574 2 
C2,9 0.5177 8 0.6061 8 0.6945 8 
C2,10 0.3409 11 0.4116 11 0.4823 11 
C2,11 0.6238 5 0.7122 5 0.8006 5 
C2,12 0.8359 1 0.9095 1 0.9831 1 
C2,13 0.3409 11 0.4116 11 0.4823 11 
C2,14 0.8006 2 0.8790 2 0.9574 2 
C2,15 0.5177 8 0.6061 8 0.6945 8 
C2,16 0.8006 2 0.8790 2 0.9574 2 
C2,17 0.0403 14 0.1287 14 0.2171 14 
C2,18 0.3409 11 0.4116 11 0.4823 11 
C2,19 0.5530 7 0.6414 7 0.7298 7 
C2,20 0.6238 5 0.7122 5 0.8006 5 
C2,21 0.4823 9 0.5707 9 0.6591 9 
C2,22 0.6591 4 0.7475 4 0.8359 4 
C3,1 0.7298 3 0.8182 3 0.9066 3 
C3,2 0.8359 1 0.9095 1 0.9831 1 
C3,3 0.4823 9 0.5707 9 0.6591 9 
C3,4 0.6591 4 0.7475 4 0.8359 4 
C3,5 0.6238 5 0.7122 5 0.8006 5 
C3,6 0.4470 10 0.5354 10 0.6238 10 
C3,7 0.6238 5 0.7122 5 0.8006 5 
C3,8 0.3232 12 0.3851 12 0.4470 12 
C3,9 0.5884 6 0.6768 6 0.7652 6 
C3,10 0.4823 9 0.5707 9 0.6591 9 
C3,11 0.5530 7 0.6414 7 0.7298 7 
C3,12 0.3409 11 0.4116 11 0.4823 11 
C3,13 0.8006 2 0.8790 2 0.9574 2 
C3,14 0.5177 8 0.6061 8 0.6945 8 
C4,1 0.8006 2 0.8790 2 0.9574 2 
C4,2 0.5177 8 0.6061 8 0.6945 8 
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Table 5.8 (Continued) 
Sub-criteria UT Scores 
(when 0=α ) 
Ranking 
order 
UT Scores 
(when 5.0=α ) 
Ranking 
order 
UT Scores 
(when 1=α ) 
Ranking 
order 
C4,3 0.5530 7 0.6414 7 0.7298 7 
C4,4 0.6591 4 0.7475 4 0.8359 4 
C4,5 0.8006 2 0.8790 2 0.9574 2 
C4,6 0.5177 8 0.6061 8 0.6945 8 
C4,7 0.8006 2 0.8790 2 0.9574 2 
C4,8 0.6591 4 0.7475 4 0.8359 4 
C4,9 0.3232 12 0.3851 12 0.4470 12 
C4,10 0.5884 6 0.6768 6 0.7652 6 
C4,11 0.4823 9 0.5707 9 0.6591 9 
C4,12 0.5530 7 0.6414 7 0.7298 7 
C4,13 0.3409 11 0.4116 11 0.4823 11 
C4,14 0.8006 2 0.8790 2 0.9574 2 
C5,1 0.7298 3 0.8182 3 0.9066 3 
C5,2 0.8359 1 0.9095 1 0.9831 1 
C5,3 0.4823 9 0.5707 9 0.6591 9 
C5,4 0.6591 4 0.7475 4 0.8359 4 
C5,5 0.6238 5 0.7122 5 0.8006 5 
C5,6 0.0403 14 0.1287 14 0.2171 14 
C5,7 0.3409 11 0.4116 11 0.4823 11 
C5,8 0.5530 7 0.6414 7 0.7298 7 
C5,9 0.6238 5 0.7122 5 0.8006 5 
C5,10 0.4823 9 0.5707 9 0.6591 9 
C5,11 0.6591 4 0.7475 4 0.8359 4 
C5,12 0.3409 11 0.4116 11 0.4823 11 
C5,13 0.6238 5 0.7122 5 0.8006 5 
C5,14 0.8359 1 0.9095 1 0.9831 1 
C5,15 0.3409 11 0.4116 11 0.4823 11 
C5,16 0.8006 2 0.8790 2 0.9574 2 
C5,17 0.5177 8 0.6061 8 0.6945 8 
C5,18 0.8006 2 0.8790 2 0.9574 2 
C5,19 0.6238 5 0.7122 5 0.8006 5 
C6,1 0.4823 9 0.5707 9 0.6591 9 
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Table 5.8 (Continued) 
Sub-criteria UT Scores 
(when 0=α ) 
Ranking 
order 
UT Scores 
(when 5.0=α ) 
Ranking 
order 
UT Scores 
(when 1=α ) 
Ranking 
order 
C6,2 0.3409 11 0.4116 11 0.4823 11 
C6,3 0.6238 5 0.7122 5 0.8006 5 
C6,4 0.4823 9 0.5707 9 0.6591 9 
C6,5 0.6591 4 0.7475 4 0.8359 4 
C6,6 0.6591 4 0.7475 4 0.8359 4 
C6,7 0.6238 5 0.7122 5 0.8006 5 
C6,8 0.8006 2 0.8790 2 0.9574 2 
C6,9 0.6591 4 0.7475 4 0.8359 4 
C6,10 0.3232 12 0.3851 12 0.4470 12 
C6,11 0.5884 6 0.6768 6 0.7652 6 
C6,12 0.4823 9 0.5707 9 0.6591 9 
C6,13 0.5530 7 0.6414 7 0.7298 7 
C7,1 0.3409 11 0.4116 11 0.4823 11 
C7,2 0.5530 7 0.6414 7 0.7298 7 
C7,3 0.4823 9 0.5707 9 0.6591 9 
C7,4 0.6591 4 0.7475 4 0.8359 4 
C7,5 0.6591 4 0.7475 4 0.8359 4 
C7,6 0.3232 12 0.3851 12 0.4470 12 
C7,7 0.5884 6 0.6768 6 0.7652 6 
C7,8 0.4823 9 0.5707 9 0.6591 9 
 
 
 
 
 
 
 
 
219 
 
Table 5.9: 3rd level sub-criteria ranking based on fuzzy similarity measure (Degree of Similarity Concept) 
 
Sub-
Criteria 
S (A, B) by 
(Chen, 1996) 
 
Ranking 
order 
S (A, B) by 
(Hsieh and 
Chen, 1999) 
 
Ranking 
order 
S(A, B) by 
(Chen and 
Chen, 
2003b) 
 
Ranking 
order 
S(A, B) by 
(Yong et al., 
2004) 
 
Ranking 
order 
S(A, B) 
(Chen, 2006) 
Ranking 
order 
S(A, B) 
(Sridevi 
and 
Nadarajan, 
2009) 
Ranking 
order 
C1,1 0.8021 1 0.931504 5 0.755039 4 0.761764 3 0.791361 4 0.56875 4 
C1,2 0.756825 3 0.87544 10 0.653034 10 0.665981 8 0.733737 10 0.443208 10 
C1,3 0.8021 1 0.90788 7 0.695968 7 0.665215 9 0.788212 7 0.524254 7 
C1,4 0.8021 1 0.977008 2 0.794792 1 0.788763 1 0.792196 1 0.598695 1 
C1,5 0.8021 1 0.998535 1 0.775475 2 0.764055 2 0.792093 2 0.584144 2 
C1,6 0.8021 1 0.887731 9 0.676091 9 0.640501 10 0.78637 8 0.509281 8 
C1,7 0.8021 1 0.998535 1 0.775475 2 0.764055 2 0.792093 2 0.584144 2 
C1,8 0.7429 5 0.811216 12 0.508811 12 0.478761 12 0.669319 12 0.332723 12 
C1,9 0.8021 1 0.974215 3 0.755598 3 0.739347 4 0.791644 3 0.569172 3 
C1,10 0.8021 1 0.90788 7 0.695968 7 0.665215 9 0.788212 7 0.524254 7 
C1,11 0.8021 1 0.951052 4 0.735722 5 0.714637 5 0.790848 5 0.554199 5 
C1,12 0.7554 4 0.823746 11 0.546101 11 0.511317 11 0.70255 11 0.369273 11 
C1,13 0.77245 2 0.893363 8 0.691742 8 0.699214 6 0.759053 9 0.487967 9 
C1,14 0.8021 1 0.928965 6 0.715845 6 0.689927 7 0.789704 6 0.539226 6 
C1,15 0.77245 2 0.893363 8 0.691742 8 0.699214 6 0.759053 9 0.487967 9 
C1,16 0.8021 1 0.928965 6 0.715845 6 0.689927 7 0.789704 6 0.539226 6 
C1,17 0.8021 1 0.951052 4 0.735722 5 0.714637 5 0.790848 5 0.554199 5 
C1,18 0.8021 1 0.977008 2 0.794792 1 0.788763 1 0.792196 1 0.598695 1 
C1,19 0.77245 2 0.893363 8 0.691742 8 0.699214 6 0.759053 9 0.487967 9 
C1,20 0.8021 1 0.928965 6 0.715845 6 0.689927 7 0.789704 6 0.539226 6 
C1,21 0.73665 6 0.803073 13 0.496055 13 0.463788 13 0.662693 13 0.318717 13 
C1,22 0.8021 1 0.977008 2 0.794792 1 0.788763 1 0.792196 1 0.598695 1 
C1,23 0.7429 5 0.811216 12 0.508811 12 0.478761 12 0.669319 12 0.332723 12 
C1,24 0.8021 1 0.974215 3 0.755598 3 0.739347 4 0.791644 3 0.569172 3 
C1,25 0.8021 1 0.931504 5 0.755039 4 0.761764 3 0.791361 4 0.56875 4 
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Table 5.9 (Continued)  
Sub-
Criteria 
S (A, B) by 
(Chen, 1996) 
 
Ranking 
order 
S (A, B) by 
(Hsieh and 
Chen, 1999) 
 
Ranking 
order 
S(A, B) by 
(Chen and 
Chen, 
2003b) 
 
Ranking 
order 
S(A, B) by 
(Yong et al., 
2004) 
 
Ranking 
order 
S(A, B) 
(Chen, 2006) 
Ranking 
order 
S(A, B) 
(Sridevi 
and 
Nadarajan, 
2009) 
Ranking 
order 
C1,26 0.756825 3 0.87544 10 0.653034 10 0.665981 8 0.733737 10 0.443208 10 
C2,1 0.8021 1 0.977008 2 0.794792 1 0.788763 1 0.792196 1 0.598695 1 
C2,2 0.77245 2 0.893363 8 0.691742 8 0.699214 6 0.759053 9 0.487967 9 
C2,3 0.8021 1 0.928965 6 0.715845 6 0.689927 7 0.789704 6 0.539226 6 
C2,4 0.8021 1 0.998535 1 0.775475 2 0.764055 2 0.792093 2 0.584144 2 
C2,5 0.7554 4 0.823746 11 0.546101 11 0.511317 11 0.70255 11 0.369273 11 
C2,6 0.77245 2 0.893363 8 0.691742 8 0.699214 6 0.759053 9 0.487967 9 
C2,7 0.8021 1 0.928965 6 0.715845 6 0.689927 7 0.789704 6 0.539226 6 
C2,8 0.77245 2 0.893363 8 0.691742 8 0.699214 6 0.759053 9 0.487967 9 
C2,9 0.8021 1 0.928965 6 0.715845 6 0.689927 7 0.789704 6 0.539226 6 
C2,10 0.7554 4 0.823746 11 0.546101 11 0.511317 11 0.70255 11 0.369273 11 
C2,11 0.8021 1 0.998535 1 0.775475 2 0.764055 2 0.792093 2 0.584144 2 
C2,12 0.756825 3 0.87544 10 0.653034 10 0.665981 8 0.733737 10 0.443208 10 
C2,13 0.7554 4 0.823746 11 0.546101 11 0.511317 11 0.70255 11 0.369273 11 
C2,14 0.77245 2 0.893363 8 0.691742 8 0.699214 6 0.759053 9 0.487967 9 
C2,15 0.8021 1 0.928965 6 0.715845 6 0.689927 7 0.789704 6 0.539226 6 
C2,16 0.77245 2 0.893363 8 0.691742 8 0.699214 6 0.759053 9 0.487967 9 
C2,17 0.57195 7 0.70723 14 0.319103 14 0.253928 14 0.550466 14 0.080285 14 
C2,18 0.7554 4 0.823746 11 0.546101 11 0.511317 11 0.70255 11 0.369273 11 
C2,19 0.8021 1 0.951052 4 0.735722 5 0.714637 5 0.790848 5 0.554199 5 
C2,20 0.8021 1 0.998535 1 0.775475 2 0.764055 2 0.792093 2 0.584144 2 
C2,21 0.8021 1 0.90788 7 0.695968 7 0.665215 9 0.788212 7 0.524254 7 
C2,22 0.8021 1 0.977008 2 0.794792 1 0.788763 1 0.792196 1 0.598695 1 
C3,1 0.8021 1 0.931504 5 0.755039 4 0.761764 3 0.791361 4 0.56875 4 
C3,2 0.756825 3 0.87544 10 0.653034 10 0.665981 8 0.733737 10 0.443208 10 
C3,3 0.8021 1 0.90788 7 0.695968 7 0.665215 9 0.788212 7 0.524254 7 
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Table 5.9 (Continued) 
Sub-
Criteria 
S (A, B) by 
(Chen, 1996) 
 
Ranking 
order 
S (A, B) by 
(Hsieh and 
Chen, 1999) 
 
Ranking 
order 
S(A, B) by 
(Chen and 
Chen, 
2003b) 
 
Ranking 
order 
S(A, B) by 
(Yong et al., 
2004) 
 
Ranking 
order 
S(A, B) 
(Chen, 2006) 
Ranking 
order 
S(A, B) 
(Sridevi 
and 
Nadarajan, 
2009) 
Ranking 
order 
C3,4 0.8021 1 0.977008 2 0.794792 1 0.788763 1 0.792196 1 0.598695 1 
C3,5 0.8021 1 0.998535 1 0.775475 2 0.764055 2 0.792093 2 0.584144 2 
C3,6 0.8021 1 0.887731 9 0.676091 9 0.640501 10 0.78637 8 0.509281 8 
C3,7 0.8021 1 0.998535 1 0.775475 2 0.764055 2 0.792093 2 0.584144 2 
C3,8 0.7429 5 0.811216 12 0.508811 12 0.478761 12 0.669319 12 0.332723 12 
C3,9 0.8021 1 0.974215 3 0.755598 3 0.739347 4 0.791644 3 0.569172 3 
C3,10 0.8021 1 0.90788 7 0.695968 7 0.665215 9 0.788212 7 0.524254 7 
C3,11 0.8021 1 0.951052 4 0.735722 5 0.714637 5 0.790848 5 0.554199 5 
C3,12 0.7554 4 0.823746 11 0.546101 11 0.511317 11 0.70255 11 0.369273 11 
C3,13 0.77245 2 0.893363 8 0.691742 8 0.699214 6 0.759053 9 0.487967 9 
C3,14 0.8021 1 0.928965 6 0.715845 6 0.689927 7 0.789704 6 0.539226 6 
C4,1 0.77245 2 0.893363 8 0.691742 8 0.699214 6 0.759053 9 0.487967 9 
C4,2 0.8021 1 0.928965 6 0.715845 6 0.689927 7 0.789704 6 0.539226 6 
C4,3 0.8021 1 0.951052 4 0.735722 5 0.714637 5 0.790848 5 0.554199 5 
C4,4 0.8021 1 0.977008 2 0.794792 1 0.788763 1 0.792196 1 0.598695 1 
C4,5 0.77245 2 0.893363 8 0.691742 8 0.699214 6 0.759053 9 0.487967 9 
C4,6 0.8021 1 0.928965 6 0.715845 6 0.689927 7 0.789704 6 0.539226 6 
C4,7 0.77245 2 0.893363 8 0.691742 8 0.699214 6 0.759053 9 0.487967 9 
C4,8 0.8021 1 0.977008 2 0.794792 1 0.788763 1 0.792196 1 0.598695 1 
C4,9 0.7429 5 0.811216 12 0.508811 12 0.478761 12 0.669319 12 0.332723 12 
C4,10 0.8021 1 0.974215 3 0.755598 3 0.739347 4 0.791644 3 0.569172 3 
C4,11 0.8021 1 0.90788 7 0.695968 7 0.665215 9 0.788212 7 0.524254 7 
C4,12 0.8021 1 0.951052 4 0.735722 5 0.714637 5 0.790848 5 0.554199 5 
C4,13 0.7554 4 0.823746 11 0.546101 11 0.511317 11 0.70255 11 0.369273 11 
C4,14 0.77245 2 0.893363 8 0.691742 8 0.699214 6 0.759053 9 0.487967 9 
C5,1 0.8021 1 0.931504 5 0.755039 4 0.761764 3 0.791361 4 0.56875 4 
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Table 5.9 (Continued) 
Sub-
Criteria 
S (A, B) by 
(Chen, 1996) 
 
Ranking 
order 
S (A, B) by 
(Hsieh and 
Chen, 1999) 
 
Ranking 
order 
S(A, B) by 
(Chen and 
Chen, 
2003b) 
 
Ranking 
order 
S(A, B) by 
(Yong et al., 
2004) 
 
Ranking 
order 
S(A, B) 
(Chen, 2006) 
Ranking 
order 
S(A, B) 
(Sridevi 
and 
Nadarajan, 
2009) 
Ranking 
order 
C5,2 0.756825 3 0.87544 10 0.653034 10 0.665981 8 0.733737 10 0.443208 10 
C5,3 0.8021 1 0.90788 7 0.695968 7 0.665215 9 0.788212 7 0.524254 7 
C5,4 0.8021 1 0.977008 2 0.794792 1 0.788763 1 0.792196 1 0.598695 1 
C5,5 0.8021 1 0.998535 1 0.775475 2 0.764055 2 0.792093 2 0.584144 2 
C5,6 0.57195 7 0.70723 14 0.319103 14 0.253928 14 0.550466 14 0.080285 14 
C5,7 0.7554 4 0.823746 11 0.546101 11 0.511317 11 0.70255 11 0.369273 11 
C5,8 0.8021 1 0.951052 4 0.735722 5 0.714637 5 0.790848 5 0.554199 5 
C5,9 0.8021 1 0.998535 1 0.775475 2 0.764055 2 0.792093 2 0.584144 2 
C5,10 0.8021 1 0.90788 7 0.695968 7 0.665215 9 0.788212 7 0.524254 7 
C5,11 0.8021 1 0.977008 2 0.794792 1 0.788763 1 0.792196 1 0.598695 1 
C5,12 0.7554 4 0.823746 11 0.546101 11 0.511317 11 0.70255 11 0.369273 11 
C5,13 0.8021 1 0.998535 1 0.775475 2 0.764055 2 0.792093 2 0.584144 2 
C5,14 0.756825 3 0.87544 10 0.653034 10 0.665981 8 0.733737 10 0.443208 10 
C5,15 0.7554 4 0.823746 11 0.546101 11 0.511317 11 0.70255 11 0.369273 11 
C5,16 0.77245 2 0.893363 8 0.691742 8 0.699214 6 0.759053 9 0.487967 9 
C5,17 0.8021 1 0.928965 6 0.715845 6 0.689927 7 0.789704 6 0.539226 6 
C5,18 0.77245 2 0.893363 8 0.691742 8 0.699214 6 0.759053 9 0.487967 9 
C5,19 0.8021 1 0.998535 1 0.775475 2 0.764055 2 0.792093 2 0.584144 2 
C6,1 0.8021 1 0.90788 7 0.695968 7 0.665215 9 0.788212 7 0.524254 7 
C6,2 0.7554 4 0.823746 11 0.546101 11 0.511317 11 0.70255 11 0.369273 11 
C6,3 0.8021 1 0.998535 1 0.775475 2 0.764055 2 0.792093 2 0.584144 2 
C6,4 0.8021 1 0.90788 7 0.695968 7 0.665215 9 0.788212 7 0.524254 7 
C6,5 0.8021 1 0.977008 2 0.794792 1 0.788763 1 0.792196 1 0.598695 1 
C6,6 0.8021 1 0.977008 2 0.794792 1 0.788763 1 0.792196 1 0.598695 1 
C6,7 0.8021 1 0.998535 1 0.775475 2 0.764055 2 0.792093 2 0.584144 2 
C6,8 0.77245 2 0.893363 8 0.691742 8 0.699214 6 0.759053 9 0.487967 9 
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Table 5.9 (Continued) 
Sub-
Criteria 
S (A, B) by 
(Chen, 1996) 
 
Ranking 
order 
S (A, B) by 
(Hsieh and 
Chen, 1999) 
 
Ranking 
order 
S(A, B) by 
(Chen and 
Chen, 
2003b) 
 
Ranking 
order 
S(A, B) by 
(Yong et al., 
2004) 
 
Ranking 
order 
S(A, B) 
(Chen, 2006) 
Ranking 
order 
S(A, B) 
(Sridevi 
and 
Nadarajan, 
2009) 
Ranking 
order 
C6,9 0.8021 1 0.977008 2 0.794792 1 0.788763 1 0.792196 1 0.598695 1 
C6,10 0.7429 5 0.811216 12 0.508811 12 0.478761 12 0.669319 12 0.332723 12 
C6,11 0.8021 1 0.974215 3 0.755598 3 0.739347 4 0.791644 3 0.569172 3 
C6,12 0.8021 1 0.90788 7 0.695968 7 0.665215 9 0.788212 7 0.524254 7 
C6,13 0.8021 1 0.951052 4 0.735722 5 0.714637 5 0.790848 5 0.554199 5 
C7,1 0.7554 4 0.823746 11 0.546101 11 0.511317 11 0.70255 11 0.369273 11 
C7,2 0.8021 1 0.951052 4 0.735722 5 0.714637 5 0.790848 5 0.554199 5 
C7,3 0.8021 1 0.90788 7 0.695968 7 0.665215 9 0.788212 7 0.524254 7 
C7,4 0.8021 1 0.977008 2 0.794792 1 0.788763 1 0.792196 1 0.598695 1 
C7,5 0.8021 1 0.977008 2 0.794792 1 0.788763 1 0.792196 1 0.598695 1 
C7,6 0.7429 5 0.811216 12 0.508811 12 0.478761 12 0.669319 12 0.332723 12 
C7,7 0.8021 1 0.974215 3 0.755598 3 0.739347 4 0.791644 3 0.569172 3 
C7,8 0.8021 1 0.90788 7 0.695968 7 0.665215 6 0.788212 7 0.524254 7 
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5.2 Supplier Selection in ASC using Fuzzy-MULTIMOORA 
5.2.1 Overview 
Today’s more dynamic business environment increases the need for greater agility in supply 
chains, which increases both the importance and frequency of partner selection decision-
making. 
An agile supply chain (ASC) needs to be highly flexible and to be able to be reconfigured quickly 
in response to changes in the unpredictable business environment. Thus, an ASC can be 
thought of as a dynamic network of member companies, whose constituents and structure are 
likely to need to change frequently. The successful operation of an ASC largely depends upon 
the firm’s ability to select the most appropriate potential partners in any given situation (Wu and 
Barnes, 2010). The supplier/partner selection process is particularly complex when viewed from 
a supply chain perspective as it involves a series of inter-related decisions about suppliers, 
which impact both the formation and the performance of the supply chain as a whole (Wu and 
Barnes, 2012).  
The contribution of this work is the development of a framework and a decision model for 
supplier/partner selection in agile supply chain by utilizing a fuzzy logic integrated with 
MULTIMOORA method (Brauers et al., 2011). The study presents a host of metrics and 
measures from extant literature on agility, which has been utilized in the development of the 
appraisement framework and model. Empirical data has been analyzed to exhibit application 
feasibility of the proposed approach.  
 
5.2.2 Problem Statement 
Supply chain management can be considered as one of the most important aspects of 
production planning and control (Yigin et al. 2007). It provides the link from suppliers to 
customers in the planning, manufacturing and controlling of raw materials and products 
(Markland et al. 1995). 
Recently, in order to respond efficiently and effectively to increasingly dynamic and volatile 
markets, many businesses have adopted the concept of agile supply chains or networks 
(Christopher 2000). An agile supply chain (ASC) can be considered as a dynamic network of 
member companies, the formation of which is likely to need to change frequently in response to 
fast-changing markets. In ASCs, the task of partner selection is thus not a one-off infrequent 
activity. A key requirement of operating an ASC is the ability to adopt the most appropriate 
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structure and assign the most suitable order quantities to the most appropriate supply partners 
in any given circumstance (Wu et al., 2009). However, frequently changing customer demands 
create increased uncertainty and ambiguity for this decision making process. Thus, the 
importance of supplier selection process has increased along with its complexity (Sarkar and 
Mohapatra 2006). Therefore, an effective supply partner selection process is essential for the 
successful operation of an ASC. Efficient ASCs are considered to be the solution to meet the 
frequently changing customer demand for high quality, short lead times, low cost, and high 
customer service levels. It is generally accepted that the successful performance of an ASC 
depends heavily on the construction of the supply network and the choice of the right partners 
(Wu et al., 2009).  
In this context, present work highlights exploration of Interval-Valued Fuzzy Numbers (IVFNs) 
set theory and MULTIROORA method towards effective appraisement and selection of potential 
candidate suppliers in ASC. Subjective appraisement indices have been evaluated in terms of 
performance extent as well as priority importance given by the decision-makers (DMs) linguistic 
information. In order to overcome uncertainty, ambiguity and vagueness arising from linguistic 
evaluation information, fuzzy logic has been adapted at this stage, to transform linguistic 
information into appropriate fuzzy numbers. Using MULTIMOORA method, multiple evaluation 
indices have then been aggregated to compute an overall evaluation index to facilitate suppliers’ 
ranking and finally selecting the best alternative supplier.   
 
5.2.3 The Crisp MULTIMOORA Method 
The Multi-Objective Optimization by Ratio Analysis (MOORA) method was introduced by 
Brauers and Zavadakas (2006). Brauers and Zavadakas (2010) extended the method to make it 
more robust as MULTIMOORA (MOORA plus the full multiplicative form). 
MOORA method begins with matrix X where its elements ijx denote thi alternative of thj objective
( )njmi ,...,2,1;,...,2,1 == . MOORA method consists of two parts: the Ratio System and the 
Reference Point Approach. The MULTIMOORA method includes internal normalization and 
treats originally all the objectives equally important. In principle all stakeholders interested in the 
issue only could give more importance to an objective. Therefore, they could either multiply the 
dimensionless number representing the response on an objective with a significance coefficient 
or they could decide beforehand to split an objective into different sub-objectives. 
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The Ratio System of MOORA 
 Ratio System defines data normalization by comparing alternative of an objective to all values 
of the objective: 
∑
=
=
m
i
ij
ij
ij
x
x
x
1
2
*
                                                                                                                            (5.3)
 
Here *ijx denotes thi alternative of thj objective. Usually these numbers belong to the interval [0, 1]. 
These indicators are added (if desirable value of indicator is maximum) or subtracted (if 
desirable value is minimum), thus the summarizing index of each alternative is derived in this 
way: 
,
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                                                                                                                 (5.4)
 
Here ng ,...,1= denotes number of objectives to be maximized. Then every ratio is given the 
rank: the higher the index, the higher the rank. 
In some cases, it is often observed that some attributes are more important than the others. In 
order to give more importance to an attribute, it could be multiplied with its corresponding weight 
(significance coefficient) (Brauers and Zavadskas, 2009; Chakraborty, 2011). When these 
attribute weights are taken into consideration, Eq. 5.4 becomes as follows: 
.,...,2,1,
1
*
1
**
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j
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+==
                                                                                  (5.5) 
Here jw  is the weight of thj  attribute. 
 
The Reference Point of MOORA 
Reference point approach is based on the Ratio System. The Maximal Objective Reference 
Point (vector) is found according to ratios found by employing Eq. 5.6 The thj coordinate of the 
reference point can be described as ( *max ijj xr = ) in case of maximization. Every coordinate of 
this vector represents maximum or minimum of certain objective (indicator). Then every element 
of normalized response matrix is recalculated and final rank is given according to deviation from 
the reference point and the Min-Max Metric of Tchebycheff: 




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

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−
j
ijji
xr *maxmin
                                                                                                                   (5.6)
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The Full Multiplicative Form and MULTIMOORA 
(Brauers and Zavadskas, 2006)  proposed MOORA to be updated by the Full Multiplicative 
Form method embodying maximization as well as minimization of purely multiplicative utility 
function. Overall utility of the thi alternative can be expressed as dimensionless number: 
i
i
i B
AU ='
                                                                                                                                   (5.7)
 
Here mixA
g
j
iji ,...,2,1;
1
== ∏
=
denotes the product of objectives of the thi alternative to be 
maximized with ng ,...,2,1= being the number of objectives to be maximized and where 
mixB
n
gj
iji ,...,2,1;
1
== ∏
+=
denotes the product of objectives of the thi alternative to be minimized 
with gn − being the number of objectives (indicators) to be minimized. Thus MULTIMOORA 
summarizes MOORA (i.e. Ratio System and Reference Point) and the Full Multiplicative Form. 
 
5.2.4 MULTIMOORA Method Based upon IV Trapezoidal Fuzzy Numbers 
Let Kk ,...,2,1= denotes the thk expert involved in a decision-making process. Suppose that the 
experts provide ratings for each thi alternative against each thj  criterion with mi ,...,2,1= and
nj ,...,2,1= . The set of criteria can be split into two subsets, namely those of cost criteria,C , 
and benefit criteria, B . Cost criteria are to be minimized whereas; benefit criteria are to be 
maximized. Each criterion can be attributed with respective weight ,jϖ such that ,0≥jϖ  and
1=∑ j jϖ . 
Step 1: Each of decision-makers constructs his own decision matrix: 
nm
kA
×




 ~~ with elements ( ) ( )[ ]UijkUijkUijkUijkUijkLijkLijkLijkLijkLijkkij waaaawaaaaa ;,,,,;,,,~~ 43214321= being responses 
of alternatives on criteria. 
Step 2: Individual decision matrices are aggregated by employing the GITFNOWGA operator. 
( ) ( )( ) ,,,~~,...,~~,~~
1
21 jiaaaaGITFNOWGA
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k
k
ij
K
ijijijw ∀= ∏
=
σ
                                                                 (5.8)
 
Here kw is the weight of the thk largest response obtained (Baležentis and Zeng, 2013). 
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 Also, 
( ) ( )[ ].;,,,,;,,,~~ 43214321 UijUijUijUijUijLijLijLijLijLijij waaaawaaaaa =  
 
Step 3: In case some of criteria involve numeric data, the normalization has to be carried out. 
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Step 4: The Ratio System 
The normalized values are added up for the benefit criteria and subtracted for the cost criteria: 
∑∑
∈∈
−=
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iji xxRS
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~
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( ) ( )[ ]URSUiUiUiUiLRSLiLiLiLi ii wRSRSRSRSwRSRSRSRS ;,,,,;,,, 43214321=
                                                (5.10) 
 
Here iRS denotes the overall utility of the thi alternative in terms of the Ratio System. The 
alternatives are then ranked by measuring their distances from the origin point. Specially, 
alternatives with higher distances receive higher ranks. 
 
Step 5: The Reference Point Approach 
For the sake of convenience one can employ the Maximal Utopian Reference Point (MURP), 
rather than the Maximal Objective Reference Point. In case of the generalized interval-valued 
trapezoidal fuzzy numbers, MURP is defined as follows: 
 
( )
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
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=
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r j
,1;0,0,0,0
,1;1,1,1,1~
~
                                                                                                      (5.11) 
Thereafter, maximal deviation from the MURP for each alternative is to be identified: 
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( ).~~,~~max ijjj xrd
                                                                                                                       (5.12) 
Then, the alternatives can be ranked by minimizing the maximal deviances found in Eq. 5.11. 
 
Step 6: The Full Multiplicative Form 
The fuzzy utility of the thi alternative is obtained. 
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Here mixA
Bj iji ,...,2,1,
~
~
~
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== ∏ ∈ denotes the product of objectives of the thi alternative to be 
maximized with B being the set of objectives to be maximized, and where ∏
∈
=
Cj
iji xB
~
~
~
~ denotes 
the product of objectives of the thi alternative to be minimized withC being the set of objectives 
(indicators) need to be minimized. The alternatives are to be ranked in descending order of iU
~
~
. 
 
Step 7: The Dominance theory (Brauers and Zavadskas, 2011) is employed to aggregate the 
three ranks provided by respective parts of MULTIMOORA. 
As one can note, the MULTIMOORA involves multiplication and division operations. The use of 
the most extreme linguistic values of zero therefore should be avoided. Otherwise, alternatives 
attributed with particularly low values against some criteria should be dropped from the further 
analysis. 
 
5.2.5 Empirical Research   
The performance evaluation index platform towards selection of appropriate supplier/partner in 
agile supply chain adapted in this work has already been shown in (Table 5.1 in Section 5.1). 
The two-level hierarchical model consists of various indices: measures and metrics. Production 
and Logistics Management (C1), Partnership Management (C2), Financial Capability (C3), 
Technology and Knowledge Management (C4), Marketing Capability (C5), Industrial and 
Organizational Competitiveness (C6), and Human Resource Management (C7) etc. have been 
considered as the 1st level indices (called measures) followed by 2nd level sub-indices which 
encompass numerous performance metrics. A MULTIMOORA method combined with Interval-
Valued Fuzzy Numbers Set (IVFNS) has been explored in perceptive to evaluate a 
230 
 
suppliers’/partners’ performance alternative in agile supply chain. This method has been found 
fruitful in solving such a group multi-criteria decision making problem under uncertain 
environment due to inherent vagueness, inconsistency and incompleteness associated with 
decision-makers’ subjective evaluation information.  
An empirical study has been carried out for the evaluation of supplier/partner’s performance in 
agile supply chain in fuzzy environment. Assume that a committee of five decision makers such 
as: 54321 ,,,, DMDMDMDMDM  has been constructed from academicians, manager of 
production unit, marketing unit, material purchasing unit and his team. Also assume that there 
were three alternatives suppliers/partners such as: A1, A2, and A3.  
In this study, the priority weights against performance measures-metrics and corresponding 
appropriateness ratings have been expressed in linguistic variables which have been further 
transformed into IV-trapezoidal fuzzy numbers. These linguistic variables corresponding to 
weight assignment of various performance measures-metrics (both in 1st and 2nd level) has been 
expressed in fuzzy numbers by 1-9 scale as shown in Table 5.10. Similarly, the linguistic 
performance ratings of individual 2nd level evaluation metrics have also been expressed in fuzzy 
numbers by 1-9 scale shown in (Table 5.10). The procedural steps and its implementation 
outcome have been summarized as follows: 
 
Step 1: Decision-Makers’ judgment on performance ratings and importance weights of 
various performance measures/metrics using linguistic terms 
For evaluating importance weights of numerous measures/metrics (both 1st as well as 2nd level 
of the evaluation hierarchy), as well as appropriateness rating of 2nd level sub-indices (metrics); 
a committee of fives decision-makers (DMs), 54321 ,,,, DMDMDMDMDM has been formed to 
express their subjective preferences (priority importance) in linguistic terms shown in (Table 
5.10) which have been further transformed into IV-fuzzy number.  
 
The linguistic variables for assessing importance weights of various evaluation indices have 
been given by the decision-makers (DMs) shown in (Appendix: Tables 5.11-5.12). Similarly the 
linguistic judgment reflecting appropriateness rating/performance of various 2nd level sub-indices 
have been shown in (Appendix: Tables 5.13-5.15); for alternative supplier/partner 1, 2, and 3 
respectively.   
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Step 2: Approximation of the linguistic terms by IV trapezoidal fuzzy numbers 
Using the concept of generalized trapezoidal Interval-Valued Fuzzy Numbers in fuzzy set 
theory, the linguistic variables have been approximated by fuzzy numbers shown in (Table 
5.10). Next, based on simple aggregation (average) rule, the fuzzy appropriateness weights for 
(1st and 2nd level evaluation indices) and appropriateness rating for individual 2nd level sub-
indices have been computed, shown in (Appendix: Tables 5.16-5.18) in favour of A1, A2, and A3 
alternatives respectively. For the sake of computation simplicity, instead of using GITFNOWGA 
operator, the simple average rule has been adapted here to accumulate multiple decision-
makers’ opinion against a particular evaluation characteristic of a particular performance metric. 
Similarly, the fuzzy appropriateness ratings of 2nd level sub-indices have been assessed and 
shown in (Appendix: Tables 5.16-5.18). 
 
Step 3: Estimation of appraisement index i.e. fuzzy performance rating of 1st level indices 
FPI represents the Fuzzy Performance Index. The concept of fuzzy performance index 
employed to compute the appropriateness rating of various 1st level indices, shown in (Tables 
5.19-5.21), in favour of alternatives A1, A2, and A3, respectively.  
Appropriateness rating (also called FPI) for each of the 1st level evaluation index iU  (rating of 
thi index) has been computed as follows: 
∑
∑ ⊗
==
ij
ijij
i
w
wU
UFPI
                                                                                                        (5.14) 
In this expression (Eq. 5.14) ijU is denoted as the aggregated fuzzy appropriateness rating 
against thj  sub-index (at 2nd level) which is under thi main index in the 1st level. ijw is the 
aggregated fuzzy weight against thj  sub-index (at 2nd level) which is under thi main index at 1st 
level.  
 
Step 4: Normalization 
All of the indices/metric have been assumed benefit in nature and expressed in the generalized 
interval-valued trapezoidal fuzzy numbers; but usually these numbers belong to the interval [0; 
1]; therefore, normalization has to be carried out by employing the equation, (Eq. 5.9) (Table 
5.22) to get weighted normalized decision-making matrix. 
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Step 5: The Ratio System 
The Ratio System, the normalized values are added up for the benefit criteria and subtracted for 
the cost criteria (Eqs. 5.4-5.5) shown in (Table 5.23). 
 
Step 6: Reference Point Approach 
We define the Reference Point: ( )1;1,1,1,1~~ =ir  
Thus, rank the alternatives in terms of their distances. The alternative, with smaller distance 
measure corresponds to higher ranking position (Table 5.24). 
 
Step 7: Full Multiplicative Form 
The Eq. 5.13 has been employed to obtain ranks for each of alternatives according to the Full 
Multiplicative Form as shown in (Table 5.25). 
 
Step 8: Selection of Best Alternative  
By employing the Ratio System, the Reference Point and the Full Multiplicative Form to rank the 
candidate suppliers/partners in agile supply chain; the Dominance theory (Brauers and 
Zavadskas, 2011) has been employed to summarize aforesaid three different ranking orders 
provided by respective parts of IVFN based MULTIMOORA method. Table 5.26 presents 
appropriate ranking order. According to the multi-criteria evaluation, the first alternative (A1) 
should be best choice as per the judgment of decision makers, whereas the second alternative 
(A2) is the second-best choice. At the other end of spectrum, third alternative A3 is the worst 
choice. 
 
5.2.6 Concluding Remarks  
Agile Supply Chain Management (ASCM) combines of agile conception and SCM, which makes 
enterprises work together through collaborative manage and improves enterprise agility; even 
whole SC. The key of building double profit ASCM is select agile, strength and consistent 
supplier (Lin, 2004; Yahya and Kingsman, 1999; Charles and John, 1993). Supplier’s 
competition ability analysis is the precondition of supplier selection. It can also promote SCM 
efficiency. Traditional supply relationship can’t adapt global competition and product 
requirement variety. For realizing low cost, high quality, flexible produce and fast respond, 
enterprise business reformer must include supplier evaluation and selection (Wu et al., 2008). 
The aforesaid study considered multiple subjective performance indices for the evaluation as 
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well as selection of appropriate supplier/partner in agile supply chain. Due to fuzziness 
associated with decision-makers (expert panel) subjective evaluation; this study utilized an 
approach based on interval-valued fuzzy set theory combined with MULTIMOORA method. The 
theory of dominance has been applied in the proposed evaluation model which summarized the 
ranking order provided by exploring different concepts of MULTIMOORA–FG, namely the Fuzzy 
Ratio System, the fuzzy Reference Point, and the fuzzy Full Multiplicative Form and finally, the 
result revealed that A1 is the most suitable alternative in perceptive of overall performance in 
relation to agile supply chain. The approach is very helpful in dealing with variety of multi-criteria 
group decision making problems involving subjective evaluation information.   
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Table 5.10: A 9-member linguistic term set and their corresponding interval-valued fuzzy numbers 
 
Linguistic terms for 
weight assignment Linguistic terms for ratings Interval-Valued trapezoidal fuzzy numbers 
Absolutely low, AL Absolutely poor, AP [(0.0, 0.0, 0.0, 0.0; 1.0), (0.0, 0.0, 0.0, 0.0; 1.0)] 
Very low, VL Very poor, VP [(0.0075, 0.0075, 0.015, 0.0525; 0.5), (0.0, 0.0, 0.02, 0.07; 1.0)] 
Low, L Poor, P [(0.0875, 0.12, 0.16, 0.1825; 0.5), (0.04, 0.10, 0.18, 0.23; 1.0)] 
Fairly low, FL Fairly poor, FP [(0.2325, 0.255, 0.325, 0.3575; 0.5), (0.17, 0.22, 0.36, 0.42; 1.0)] 
Medium, M Medium, M [(0.4025, 0.4525, 0.5375, 0.5676; 0.5), (0.32, 0.41, 0.58, 0.65; 1.0)] 
Fairly High, FH Fairly satisfactory, FS [(0.65, 0.6725, 0.7575, 0.79; 0.5), (0.58, 0.63, 0.80, 0.86; 1.0)] 
High, H Satisfactory, S [(0.7825, 0.815, 0.885, 0.9075; 0.5), (0.72, 0.78, 0.92, 0.97; 1.0)] 
Very High, VH Very Impressive, VI [(0.9475, 0.985, 0.9925, 0.9925; 0.5), (0.93, 0.98, 1.0, 1.0; 1.0)] 
Absolutely high, AH Absolutely impressive, AI [(1.0, 1.0, 1.0, 1.0; 1.0), (1.0, 1.0, 1.0, 1.0; 1.0)] 
 
 
 
 
 
 
Table 5.19: Performance ratings and weights of 1st level indices assigned by the decision-makers (Alternative 1) 
 
1st 
Level 
indices 
(Ci) 
Computed fuzzy appropriateness rating,(Ui) Aggregated fuzzy priority weight,(Wi) 
C1 [(0.536,0.600,0.750,0.820;0.500),(0.429,0.534,0.837,0.995;1.000)] [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] 
C2 [(0.552,0.619,0.767,0.837;0.500),(0.446,0.553,0.8541.013;1.000)] [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] 
C3 [(0.508,0.573,0.733,0.806;0.500),(0.397,0.503,0.827,0.997;1.000)] [(0.692,0.855,0.903,0.918;0.500),(0.776,0.830,0.928,0.960;1.000)] 
C4 [(0.520,0.584,0.730,0.800;0.500),(0.416,0.519,0.817,0.975;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C5 [(0.537,0.601,0.758,0.832;0.500),(0.427,0.532,0.850,1.017;1.000)] [(0.789,0.821,0.881,0.901;0.500),(0.734,0.790,0.912,0.954;1.000)] 
C6 [(0.548,0.612,0.756,0.824;0.500),(0.444,0.548,0.840,0.994;1.000)] [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] 
C7 [(0.523,0.585,0.742,0.816;0.500),(0.413,0.517,0.833,1.001;1.000)] [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] 
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Table 5.20: Performance ratings and weights of 1st level indices assigned by the decision-makers (Alternative 2) 
 
 
 
 
 
 
 
Table 5.21: Performance ratings and weights of 1st level indices assigned by the decision-makers (Alternative 3) 
 
1st Level 
indices 
(Ci) 
Computed fuzzy appropriateness rating,(Ui) Aggregated fuzzy priority weight,(Wi) 
C1 [(0.690,0.760,0.917,0.989;0.500),(0.576,0.689,1.008,1.169;1.000)] [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] 
C2 [(0.671,0.742,0.899,0.972;0.500),(0.557,0.672,0.991,1.154;1.000)] [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] 
C3 [(0.674,0.746,0.913,0.988;0.500),(0.556,0.672,1.010,1.183;1.000)] [(0.692,0.855,0.903,0.918;0.500),(0.776,0.830,0.928,0.960;1.000)] 
C4 [(0.711,0.783,0.945,1.020;0.500),(0.594,0.711,1.040,1.206;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C5 [(0.669,0.741,0.901,0.975;0.500),(0.554,0.670,0.994,1.161;1.000)] [(0.789,0.821,0.881,0.901;0.500),(0.734,0.790,0.912,0.954;1.000)] 
C6 [(0.710,0.778,0.928,0.998;0.500),(0.599,0.710,1.014,1.169;1.000)] [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] 
C7 [(0.690,0.761,0.919,0.993;0.500),(0.575,0.690,1.012,1.177;1.000)] [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] 
1st Level 
indices 
(Ci) 
Computed fuzzy appropriateness rating,(Ui) Aggregated fuzzy priority weight,(Wi) 
C1 [(0.242,0.287,0.393,0.448;0.500),(0.167,0.242,0.454,0.581;1.000)] [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] 
C2 [(0.251,0.297,0.409,0.468;0.500),(0.172,0.248,0.475,0.610;1.000)] [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] 
C3 [(0.271,0.318,0.435,0.494;0.500),(0.190,0.268,0.505,0.642;1.000)] [(0.692,0.855,0.903,0.918;0.500),(0.776,0.830,0.928,0.960;1.000)] 
C4 [(0.271,0.319,0.436,0.496;0.500),(0.189,0.269,0.505,0.644;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C5 [(0.250,0.296,0.408,0.466;0.500),(0.172,0.248,0.474,0.607;1.000)] [(0.789,0.821,0.881,0.901;0.500),(0.734,0.790,0.912,0.954;1.000)] 
C6 [(0.229,0.273,0.372,0.425;0.500),(0.157,0.230,0.430,0.551;1.000)] [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] 
C7 [(0.192,0.232,0.324,0.375;0.500),(0.126,0.193,0.378,0.495;1.000)] [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] 
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Table 5.22: Weighted normalized decision-making matrix 
 
1st Level indices (Ci) Alternatives Weighted  normalized matrix 
C1 
 
A1 [(0.123,0.143,0.259,0.218;0.500),(0.090,0.122,0.225,0.283;1.000)] 
A2 [(0.158,0.181,0.237,0.263;0.500),(0.121,0.157,0.271,0.332;1.000)] 
A3 [(0.055,0.069,0.102,0.119;0.500),(0.035,0.055,0.122,0.165;1.000)] 
C2 
 
A1 [(0.145,0.169,0.217,0.239;0.500),(0.112,0.148,0.246,0.298;1.000)] 
A2 [(0.176,0.202,0.254,0.277;0.500),(0.140,0.180,0.285,0.339;1.000)] 
A3 [(0.058,0.072,0.108,0.126;0.500),(0.037,0.058,0.130,0.176;1.000)] 
C3 
 
 
A1 [(0.105,0.146,0.197,0.221;0.500),(0.092,0.125,0.229,0.285;1.000)] 
A2 [(0.139,0.190,0.246,0.271;0.500),(0.129,0.166,0.280,0.339;1.000)] 
A3 [(0.056,0.081,0.117,0.135;0.500),(0.044,0.066,0.140,0.184;1.000)] 
C4 
 
A1 [(0.156,0.178,0.237,0.264;0.500),(0.119,0.154,0.272,0.336;1.000)] 
A2 [(0.059,0.073,0.109,0.128;0.500),(0.038,0.058,0.132,0.179;1.000)] 
A3 [(0.118,0.137,0.190,0.215;0.500),(0.085,0.115,0.223,0.283;1.000)] 
C5 
 
A1 [(0.127,0.147,0.200,0.224;0.500),(0.094,0.126,0.232,0.290;1.000)] 
A2 [(0.158,0.182,0.237,0.263;0.500),(0.121,0.158,0.271,0.331;1.000)] 
A3 [(0.059,0.073,0.107,0.125;0.500),(0.038,0.059,0.129,0.173;1.000)] 
C6 
 
A1 [(0.123,0.143,0.193,0.216;0.500),(0.091,0.122,0.223,0.280;1.000)] 
A2 [(0.159,0.182,0.237,0.262;0.500),(0.123,0.158,0.270,0.329;1.000)] 
A3 [(0.051,0.064,0.095,0.112;0.500),(0.032,0.051,0.114,0.155;1.000)] 
C7 
 
A1 [(0.124,0.145,0.199,0.225;0.500),(0.090,0.122,0.233,0.295;1.000)] 
A2 [(0.164,0.188,0.247,0.274;0.500),(0.126,0.164,0.283,0.347;1.000)] 
A3 [(0.046,0.058,0.087,0.103;0.500)(0.028,0.046,0.106,0.146;1.000)] 
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Table 5.23: Evaluation of alternatives as computed by Ratio System 
 
Alternatives 
iRS  Ad ~~
 
Ranking 
order 
A1 [(0.902,1.071,1.502,1.606;0.500),(0.688,0.918,1.660,2.066;1.000)] 2.291 2 
A2 [(1.014,1.198,1.567,1.737;0.500),(0.798,1.042,1.792,2.196;1.000)] 2.324 1 
A3 [(0.443,0.552,0.806,0.936;0.500),(0.299,0.450,0.964,1.282;1.000)] 1.990 3 
 
 
 
Table 5.24: Evaluation of alternatives as computed by Reference Point Approach 
 
Alternatives ( ){ }jiji dMax ββ ,  Ranking 
A1 0.868 1 
A2 0.926 2 
A3 0.941 3 
 
 
 
Table 5.25: Evaluation of alternatives as computed by The Full Multiplicative Form of MULTIMOORA method 
 
Alternatives 
iy  Ad ~~
 
Ranking 
A1 [(0.0000006,0.0000019,0.0000201,0.0000330;0.5000000),(0.0000001,0.0000006,0.0000416,0.0001927;1.0000000)] 1.75 1 
A2 [(0.0000009,0.0000031,0.0000225,0.0000476;0.5000000),](0.0000002,0.0000011,0.0000593,0.0002579;1.0000000)] 1.72 2 
A3 [(0.00000000.0000000,0.0000002,0.0000006;0.5000000),(0.0000000,0.0000000,0.0000008,0.0000059;1.0000000)] 1.65 3 
 
 
Table 5.26: Performance ranking order of agile suppliers according to dominance theory and fuzzy-MULTIMOORA 
 
Alternatives Ratio System Reference point Full Multiplicative form MULTIMOORA (Final Ranking order) 
A1 2 1 1 1 
A2 1 2 2 2 
A3 3 3 3 3 
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Global market competition, stringent rules-regulations, higher operating costs, scarcity of 
needful resources and last but of the least, unpredicted demands frequently coming from 
increasingly informed customer are some of the issues that companies are facing in today’s 
competitive world market. Over the globe, companies are constantly on the lookout for 
techniques and practices that would enable them to reduce operating costs while increasing 
market share thereby generating higher profit-margins. As elusive as that goal might seem, 
numerous manufacturing paradigms have been conceptualized by researchers and practitioners 
alike who aim to do just that (Nambiar, 2010; Andreeva, 2008; Al-Masoud, 2007; Cruz, 2012). 
Agile manufacturing is a conceptual philosophy for the 21st century which helps in making the 
organization to respond quickly to changing customer demands, maximizing profit in the early 
stage of product introduction. Mass Customization (MC) is focused on improving the company’s 
capability to manufacture those diverse products through modularity and other advanced 
techniques. The concept of ‘Agility’ is essentially the utilization of market-knowledge and virtual 
cooperation to exploit profitable opportunities in a volatile marketplace.     
Agility appraisement has become an important managerial concern in today’s highly competitive 
turbulent business world. Companies are under tremendous pressure due to globalization of 
business, rapid introduction of newly featured products as well as mass customization. Agility is 
a conceptual philosophy enhancing speediness, flexibility in manufacturing/production system 
and increasing responsiveness to face proactively the challenges of dynamic unpredictable 
customer demands. Adaptation of agile manufacturing and subsequent implementation in 
appropriate areas may definitely help industries to compete and successfully survive in the 
competitive market of global economy. 
While implementing agility concept in manufacturing, the following questions may definitely 
arise. 
1. How can agility be characterized? Can it be estimated?  
2. What are the metrics (dimensions) to be considered towards agility assessment? 
3. Is there any relationship amongst agile dimensions? Are they interconnected or logically 
linked? 
4. How can extent (degree) of agility be measured? 
5. Is there any standard established agility assessment platform? 
6. What are the factors that boost up organizational agility (agility drivers/ providers/ 
capabilities)?  
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7. Subsequently, what are the factors those pull behind an organization from becoming agile 
(agile barriers)? 
Within scope and limitation of the present work, the major deliverables (outcome) have been 
summarized as follows. 
ISM is a modelling approach which helps to elucidate and visualize risk interrelationships. 
Specifically, Interpretive Structural Modelling (ISM) is used to clarify these relationships. ISM is 
a method which can be applied to a system - such as a network or a society towards better 
understanding of both direct and indirect relationships among the system’s components. ISM is 
a computer-assisted learning process that enables individuals or groups to develop a map of the 
complex relationships between the many elements involved in a complex situation. 
 
Factor analysis is a statistical method used to describe variability among observed, correlated 
variables in terms of a potentially lower number of unobserved variables called factors. The 
information gained about the interdependencies between observed variables can be used later 
to reduce the set of variables in a dataset. Computationally this technique is equivalent to low 
rank approximation of the matrix of observed variables. Factor Analysis (FA) technique has 
been utilized in this work through which 41 different agility entities have been reduced into 13 
major dimensions like: cross border collaboration, information management agility, product 
design flexibility, reconfigurability of manufacturing system, agility in institutional framework, 
production organizing agility, team building agility, customer demand information agility, product 
design speed, speed of manufacturing, manufacturing flexibility, inter-organization co-ordination 
and speed of information.  
 
In this thesis, attempts have been made to develop agility appraisement procedural hierarchy 
both in fuzzy as well as grey context. Due to subjectivity of ill-defined vague evaluation criteria, 
exploration of fuzzy logic and grey relation theory has been found fruitful in estimating overall 
supply chain’s agility index. Such appraisement modelling may definitely help in value addition 
to the previous research conducted by the pioneers. 
 
Moreover, exploration of grey numbers and concept of grey-possibility degree (adapted from 
grey relation theory) in course of agility index evaluation appears to be an important contribution 
of this dissertation. Existing literature is evident to support the fact that grey theory has never 
been applied before to estimate agility degree in the context of manufacturing/ production as 
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well as organizational supply chains. However, grey theory provides a practical approach agility 
appraisement since it considers the condition of fuzziness. 
 
Apart from estimating agility index in industrial supply chain, MC product manufacturing system 
etc., the work has been extended to identify and analyze ill-performing areas (agile 
barriers/obstacles) which require future improvement and adequate managerial care to enhance 
overall organizational agility. As an extension of fuzzy based appraisement module, the concept 
of fuzzy numbers ranking using ‘maximizing set and minimizing set’ has been found widely 
utilized in past literatures. In this context, the present thesis proposes the concept of fuzzy 
‘Degree of Similarity’ (DOS) as an alternative and effective tool towards identifying existing agile 
barriers which is a unique contribution deserves mention.  
 
The proposed fuzzy based appraisement module has been case studied with the help of data 
obtained from two industrial sectors at eastern India (i) Automotive and (ii) Railway construction. 
It has been found that railway construction appeared more agile in nature in comparison to the 
automotive sector.  
 
Two MCDM approaches: grey theory and Fuzzy-TOPSIS have been attempted and applied 
towards benchmarking of alternative MC production systems. The relative advantage as well as 
disadvantage of aforementioned MCDM techniques has been analyzed too. In contrast to fuzzy-
TOPSIS, grey method has been found simpler in computational steps to explore. Evaluating the 
alternatives and comparing across them, the best practices of the efficient organization can 
easily be identified and transferred to other organizations. The alternatives can easily be 
benchmarked and the best agile system can be selected. Benchmarking of alternatives 
(organizations) helps to make a comparison amongst them and transfer the best practices 
towards achieving agility. The inefficient organization can follow the peer so identified to 
improve agility related activities to become more competitive.  
 
It is an important managerial decision to select the particular decision-making group to compute 
and analyze agility level for a particular organization. In case of benchmarking (of various agile 
enterprises), the decision-making group bearing same attitude should be utilized.  It has been 
found that the attitude of the decision-makers’ bears significant impact in agility assessment 
decision-making. 
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AM organizations are characterized based on innovative alliances between suppliers, 
customers and manufacturers, agile-enabled technologies, organizational team production and 
empowerment. In order to support ASCM, effective supplier selection in indeed necessary. 
However, it seems a challenging task because suppliers are to be assessed based on 
evaluation criteria, which corresponds to traditional supply chain, along with various agile 
attributes. In order to avoid inconsistency, imprecision and incompleteness in the decision-
makers subjective judgment on qualitative supplier evaluation criteria, a fuzzy based 
appraisement module has been proposed and proved fruitful in analyzing performance of 
integrated criteria hierarchy to compute an overall performance index. 
In later part of this study, application of Fuzzy-MULTIMOORA has been proposed as an 
effective mean for evaluating the ranking order of candidate suppliers (benchmarking) and 
selecting the best one. But the disadvantage of Fuzzy-MULTIMOORA is that this method does 
not provide any unique performance index with respect to a particular supplier but effective for 
providing accurate ranking order.  
 
The limitations of the present work have been explained below. 
The present work explores different General Hierarchy Criteria (GHC) consisting of agile 
capabilities (at 1st level), agile attributes (at 2nd level) and agile criterions (at 3rd level) towards 
development of agility appraisement framework applicable for supply chain, manufacturing 
sector and MC product manufacturing systems. These criteria-hierarchies have either been 
selected directly from existing literature or partially adapted and modified further as per 
experience of the experts. In some cases, integrated criteria-hierarchy has been constructed by 
accumulating exhaustive listing of various agile indices collected from extensive literature 
survey. However, the sensitivity of these appraisement platforms (criteria-hierarchies) has not 
been verified. It has not been examined whether the agile criteria-hierarchy is industry specific 
or may vary depending upon supply chain architectures as well as functionality. It is felt that a 
standardized unique criteria-hierarchy is indeed essential to compare as well as benchmark the 
agile practices and thereby existing agility extent corresponding to different agile enterprises. 
 
Agility appraisement frameworks thus developed here explores decision-makers’ subjective 
evaluation information expressed in terms of linguistic variables. This linguistic evaluation 
information (expert opinion) has been further transformed into either fuzzy numbers or grey 
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numbers in order to establish a logical mathematical base in analyzing different aspects of 
agility. The linguistic scales (and corresponding grey/fuzzy representation) utilized in this study 
have been adapted from the literature itself. However, relative sensitivity of aforementioned 
scales has not been verified. During agility appraisement in fuzzy environment, linguistic 
variables have been represented either by Generalized Fuzzy Numbers (GFNs) or Generalized 
Interval-Valued Fuzzy Numbers (GIVFNs). It is also felt necessary to check which type of fuzzy 
numbers exploration can provide the most precise and reliable estimation of overall agility index. 
 
In empirical data analysis part of this study, a finite number of decision-makers have been 
chosen towards assignment of priority weight as well as appropriateness rating against 
individual agility indices. In practice, the decision-making group (experts) is constructed by the 
top most managerial level of the enterprise. The expert group may contain selected members 
coming from different managerial level of the organizational management hierarchy, member 
from academia, professional management consultants etc. While conducting case studies in 
Indian automobile sector as well as railway construction; it has been assumed that employees 
of these organizations have been the decision-makers. Therefore, agility index and 
corresponding industrial agile scenario that have been interpreted through these case studies 
has been basically from employees’ perspective not from the viewpoint of the top management. 
Moreover, the optimal number of decision-makers required to effectively participate in a 
particular decision-making process is obviously a major concern which requires further 
investigation and subsequent analysis. 
 
Limited case study cannot reveal entire industrial agile scenario of a country. Therefore, 
extensive case studies need to be conducted with respect to different industries/service sectors 
towards visualizing real picture of the industrial agile status for the country.  
 
In course of agility appraisement and related decision-making, attempts have been made 
towards identifying agility barriers. However, necessary actions to be taken (future plan of 
action) to improve those agility obstructs have not been recommended. 
 
The work can be extended to address aforesaid issues in future research. 
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CHAPTER 3: Additional Data Tables 
 
Table 3.3: Ratings of agile criteria (Grade-III) assigned by the DMs using linguistic terms 
 
iU  ijU  ijkU  Subjective Ratings 
1DM  2DM  3DM  
1U  11U  111U  VG G G 
112U  AG G VG 
113U  G G VG 
12U  121U  MG MG G 
122U  G MG G 
123U  
MG MG G 
13U  131U  AG AG G 
132U  MG AG G 
2U  21U  211U  G AG G 
212U  AG VG G 
213U  
VG VG G 
22U  221U  M M M 
222U  G M G 
23U  23U  AG VG VG 
3U  31U  31U  AG AG VG 
32U  321U  G MG VG 
322U  G G AG 
323U  G VG G 
324U  
AG VG G 
33U  33U  MG MG M 
 
 
Table 3.4: Weights of agile capabilities (Grade-I) assigned by the DMs using linguistic terms 
 
iC  iw  Subjective Weights 
1DM  2DM  3DM  
1C  1w  AH VH VH 
2C  2w  MH MH H 
3C  3w  VH VH H 
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Table 3.5: Weights of agile attributes (Grade-II) assigned by the DMs using linguistic terms 
 
ijC  ij
w  Subjective Weights 
1DM  2DM  3DM  
11C  11w  VH H H 
12C  12w  M MH H 
13C  13w  AH AH VH 
21C  21w  VH VH AH 
22C  22w  MH M M 
23C  23w  H VH VH 
31C  31w  MH MH MH 
32C  32w  H H VH 
33C  33w  AH VH AH 
 
 
Table 3.6: Weights of agile criteria (Grade-III) assigned by the DMs using linguistic terms 
 
ijkC  ijk
w  Subjective Weights 
1DM  2DM  3DM  
111C  111w  M MH VH 
112C  112w  H H H 
113C  113w  VH H VH 
121C  121w  VH VH H 
122C  122w  MH MH M 
123C  123w  
VH VH H 
131C  131w  MH H H 
132C  132w  VH VH VH 
211C  211w  H H H 
212C  212w  VH H H 
213C  213w  
MH MH MH 
221C  221w  H VH VH 
222C  222w  VH H H 
23C  23w  H VH VH 
31C  31w  MH MH MH 
321C  321w  MH M M 
322C  322w  VH VH VH 
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323C  323w  H H H 
324C  324w  
H VH VH 
33C  33w  AH VH AH 
 
 
 
Table 3.7: Aggregated decision-making cum evaluation matrix of agile criterions (Grade III) 
 
ijkC  Fuzzy Rating ijkU  Fuzzy Weight ijkw  
111C  (0.79,0.84,0.94,0.98; 1) (0.61,0.67,0.79,0.83; 1) 
112C  (0.88,0.92,0.97,0.99; 1) (0.72,0.78,0.92,0.97; 1) 
113C  (0.79,0.84,0.94,0.98; 1) (0.86,0.91,0.97,0.99; 1) 
121C  (0.62,0.68,0.84,0.89; 1) (0.86,0.91,0.97,0.99; 1) 
122C  (0.67,0.73,0.88,0.93; 1) (0.62,0.68,0.84,0.89; 1) 
123C  (0.62,0.68,0.84,0.89; 1) (0.86,0.91,0.97,0.99; 1) 
131C  (0.90,0.92,0.97,0.99; 1) (0.67,0.73,0.88,0.93; 1) 
132C  (0.76,0.80,0.90,0.94; 1) (0.93,0.98,1.00,1.00; 1) 
211C  (0.81,0.85,0.94,0.98; 1) (0.72,0.78,0.92,0.97; 1) 
212C  (0.88,0.92,0.97,0.99; 1) (0.79,0.84,0.94,0.98; 1) 
213C  (0.86,0.91,0.97,0.99; 1) (0.58,0.63,0.80,0.86; 1) 
221C  (0.32,0.41,0.58,0.65; 1) (0.86,0.91,0.97,0.99; 1) 
222C  (0.58,0.65,0.80,0.86; 1) (0.79,0.84,0.94,0.98; 1) 
23C  (0.95,0.98,1.00,1.00; 1) (0.86,0.91,0.97,0.99; 1) 
31C  (0.97,0.99,1.00,1.00; 1) (0.58,0.63,0.80,0.86; 1) 
321C  (0.74,0.79,0.90,0.94; 1) (0.40,0.48,0.65,0.72; 1) 
322C  (0.81,0.85,0.94,0.98; 1) (0.93,0.98,1.00,1.00; 1) 
323C  (0.79,0.84,0.94,0.98; 1) (0.72,0.78,0.92,0.97; 1) 
324C  (0.88,0.92,0.97,0.99; 1) (0.86,0.91,0.97,0.99; 1) 
33C  (0.49,0.55,0.72,0.79; 1) (0.97,0.99,1.00,1.00; 1) 
 
 
Table 3.8: Aggregated decision-making cum evaluation matrix of agile attributes (Grade II) 
 
ijC  Fuzzy Rating ijU  Fuzzy Weight ijw  
11C  (0.82,0.86,0.95,0.98; 1) (0.79,0.84,0.94,0.98; 1) 
12C  (0.63,0.69,0.85,0.90; 1) (0.54,0.60,0.76,0.82; 1) 
13C  (0.81,0.85,0.93,0.96; 1) (0.97,0.99,1.00,1.00; 1) 
21C  (0.84,0.89,0.95,0.98; 1) (0.95,0.98,1.00,1.00; 1) 
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22C  (0.44,0.52,0.68,0.75; 1) (0.40,0.48,0.65,0.72; 1) 
23C  (0.95,0.98,1.00,1.00; 1) (0.86,0.91,0.97,0.99; 1) 
31C  (0.97,0.99,1.00,1.00; 1) (0.58,0.63,0.80,0.86; 1) 
32C  (0.81,0.85,0.94,0.97; 1) (0.79,0.84,0.94,0.98; 1) 
33C  (0.49,0.55,0.72,0.79; 1) (0.97,0.99,1.00,1.00; 1) 
 
 
Table 3.9: Aggregated decision-making cum evaluation matrix of agile capabilities (Grade I) 
 
iC  Fuzzy Rating iU  Fuzzy Weight iw  
1C  (0.77,0.81,0.91,0.95; 1) (0.95,0.98,1.00,1.00; 1) 
2C  (0.80,0.85,0.90,0.92; 1) (0.62,0.68,0.84,0.89; 1) 
3C  (0.71,0.76,0.87,0.91; 1) (0.86,0.91,0.97,0.99; 1) 
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Table 3.14: Ratings of sub-criteria (Grade III) assigned by the DMs using linguistic terms 
iU  ijU  ijkU  Subjective Ratings 
1DM  2DM  3DM  4DM  
1U  11U  111U  VG G G AG 
112U  AG G VG VG 
113U  G G VG VG 
12U  121U  MG MG G MG 
122U  G MG G G 
123U  
MG MG G MG 
13U  131U  AG AG G MG 
132U  MG AG G VG 
2U  21U  211U  G AG G VG 
212U  AG VG G VG 
213U  
VG VG G AG 
22U  221U  M M M G 
222U  G M G M 
23U  23U  AG VG VG AG 
3U  31U  31U  AG AG VG G 
32U  321U  G MG VG AG 
322U  G G AG G 
323U  G VG G G 
324U  
AG VG G G 
33U  33U  MG MG M M 
Cw
CU
criteriatoingcorrespondWeight,
criteriatoingcorrespondRating,
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Table 3.15: Weights of main criteria (Grade I), sub-criteria (Grade II and Grade III) assigned by 
the DMs using linguistic terms 
 
iC  i
w  Subjective Weights 
1DM  2DM  3DM  4DM  
1C  1w  AH VH VH AH 
2C  2w  MH MH H MH 
3C  3w  VH VH H VH 
 
 
Table 3.16: Weights of sub-criteria (Grade II) assigned by the DMs using linguistic terms 
 
ijC  ijw  Subjective Weights 
1DM  2DM  3DM  4DM  
11C  11w  VH H H H 
12C  12w  M MH H MH 
13C  13w  AH AH VH VH 
21C  21w  VH VH AH VH 
22C  22w  MH M M H 
23C  23w  H VH VH H 
31C  31w  MH MH MH MH 
32C  32w  H H VH H 
33C  33w  AH VH AH VH 
 
 
 
Table 3.17: Weights of sub-sub-criteria (Grade III) assigned by the DMs using linguistic terms 
 
ijkC  ijk
w  Subjective Weights 
1DM  2DM  3DM  4DM  
111C  111w  M MH VH H 
112C  112w  H H H H 
113C  113w  VH H VH VH 
121C  121w  VH VH H VH 
122C  122w  MH MH M MH 
123C  123w  
VH VH H VH 
131C  131w  MH H H MH 
132C  132w  VH VH VH VH 
211C  211w  H H H H 
212C  212w  VH H H VH 
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213C  213w  
MH MH MH MH 
221C  221w  H VH VH VH 
222C  222w  VH H H H 
23C  23w  H VH VH H 
31C  31w  MH MH MH MH 
321C  321w  MH M M M 
322C  322w  VH VH VH H 
323C  323w  H H H H 
324C  324w  
H VH VH H 
33C  33w  AH VH AH VH 
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Table 3.18: Aggregated fuzzy ratings and aggregated fuzzy weights of sub-criteria (Grade III) 
 
Sub-Criteria
 
Fuzzy aggregated ratings, ijkU  Fuzzy aggregated weights, ijkw  
111C  [(0.84,0.88,0.96,0.98; 0.8), (0.84,0.88,0.96,0.98; 1.0)] [(0.64,0.70,0.82,0.87; 0.8), (0.64,0.70,0.82,0.87; 1.0)] 
112C  [(0.89,0.93,0.98,0.99; 0.8), (0.89,0.93,0.98,0.99; 1.0)] [(0.72,0.78,0.92,0.97; 0.8), (0.72,0.78,0.92,0.97; 1.0)] 
113C  [(0.82,0.88,0.96,0.98; 0.8), (0.82,0.88,0.96,0.98; 1.0)] [(0.88,0.93,0.98,0.99; 0.8), (0.88,0.93,0.98,0.99; 1.0)] 
121C  [(0.61,0.67,0.83,0.89; 0.8), (0.61,0.67,0.83,0.89; 1.0)] [(0.88,0.93,0.98,0.99; 0.8), (0.88,0.93,0.98,0.99; 1.0)] 
122C  [(0.68,0.74,0.89,0.94; 0.8), (0.68,0.74,0.89,0.94; 1.0)] [(0.51,0.57,0.74,0.81; 0.8), (0.51,0.57,0.74,0.81; 1.0)] 
123C  [(0.61,0.67,0.83,0.89; 0.8), (0.61,0.67,0.83,0.89; 1.0)] [(0.88,0.93,0.98,0.99; 0.8), (0.88,0.93,0.98,0.99; 1.0)] 
131C  [(0.82,0.85,0.93,0.96; 0.8), (0.82,0.85,0.93,0.96; 1.0)] [(0.65,0.70,0.86,0.91; 0.8), (0.65,0.70,0.86,0.91; 1.0)] 
132C  [(0.81,0.85,0.93,0.96; 0.8), (0.81,0.85,0.93,0.96; 1.0)] [(0.93,0.98,1.00,1.00; 0.8), (0.93,0.98,1.00,1.00; 1.0)] 
211C  [(0.84,0.88,0.96,0.98; 0.8), (0.84,0.88,0.96,0.98; 1.0)] [(0.72,0.78,0.92,0.97; 0.8), (0.72,0.78,0.92,0.97; 1.0)] 
212C  [(0.89,0.93,0.98,0.99; 0.8), (0.89,0.93,0.98,0.99; 1.0)] [(0.82,0.88,0.96,0.98; 0.8), (0.82,0.88,0.96,0.98; 1.0)] 
213C  [(0.89,0.93,0.98,0.99; 0.8), (0.89,0.93,0.98,0.99; 1.0)] [(0.58,0.63,0.80,0.86; 0.8), (0.58,0.63,0.80,0.86; 1.0)] 
221C  [(0.42,0.50,0.66,0.73; 0.8), (0.42,0.50,0.66,0.73; 1.0)] [(0.88,0.93,0.98,0.99; 0.8), (0.88,0.93,0.98,0.99; 1.0)] 
222C  [(0.52,0.59,0.75,0.81; 0.8), (0.52,0.59,0.75,0.81; 1.0)] [(0.77,0.83,0.94,0.98; 0.8), (0.77,0.83,0.94,0.98; 1.0)] 
23C  [(0.96,0.99,1.00,1.00; 0.8), (0.96,0.99,1.00,1.00; 1.0)] [(0.82,0.88,0.96,0.98; 0.8), (0.82,0.88,0.96,0.98; 1.0)] 
31C  [(0.91,0.94,0.98,0.99; 0.8), (0.91,0.94,0.98,0.99; 1.0)] [(0.58,0.63,0.80,0.86; 0.8), (0.58,0.63,0.80,0.86; 1.0)] 
321C  [(0.81,0.85,0.93,0.96; 0.8), (0.81,0.85,0.93,0.96; 1.0)] [(0.38,0.46,0.63,0.70; 0.8), (0.38,0.46,0.63,0.70; 1.0)] 
322C  [(0.79,0.83,0.94,0.98; 0.8), (0.79,0.83,0.94,0.98; 1.0)] [(0.88,0.93,0.98,0.99; 0.8), (0.88,0.93,0.98,0.99; 1.0)] 
323C  [(0.77,0.83,0.94,0.98; 0.8), (0.77,0.83,0.94,0.98; 1.0)] [(0.72,0.78,0.92,0.97; 0.8), (0.72,0.78,0.92,0.97; 1.0)] 
324C  [(0.84,0.88,0.96,0.98; 0.8), (0.84,0.88,0.96,0.98; 1.0)] [(0.82,0.88,0.96,0.98; 0.8), (0.82,0.88,0.96,0.98; 1.0)] 
33C  [(0.45,0.52,0.69,0.75; 0.8), (0.45,0.52,0.69,0.75; 1.0)] [(0.96,0.99,1.00,1.00; 0.8), (0.96,0.99,1.00,1.00; 1.0)] 
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Table 3.19: Aggregated fuzzy ratings and aggregated fuzzy weights of sub-criteria (Grade II) 
 
Sub-Criteria Fuzzy aggregated ratings, ijU  Fuzzy aggregated weights, ijw  
11C  [(0.85,0.89,0.96,0.98; 0.8), (0.85,0.89,0.96,0.98; 1.0)] [(0.77,0.83,0.94,0.98; 0.8), (0.77,0.83,0.94,0.98; 1.0)] 
12C  [(0.62,0.68,0.84,0.90; 0.8), (0.62,0.68,0.84,0.90; 1.0)] [(0.55,0.61,0.77,0.83; 0.8), (0.55,0.61,0.77,0.83; 1.0)] 
13C  [(0.81,0.85,0.93,0.96; 0.8), (0.81,0.85,0.93,0.96; 1.0)] [(0.96,0.99,1.00,1.00; 0.8), (0.96,0.99,1.00,1.00; 1.0)] 
21C  [(0.87,0.91,0.97,0.98; 0.8), (0.87,0.91,0.97,0.98; 1.0)] [(0.95,0.98,1.00,1.00; 0.8), (0.95,0.98,1.00,1.00; 1.0)] 
22C  [(0.46,0.54,0.70,0.77; 0.8), (0.46,0.54,0.70,0.77; 1.0)] [(0.48,0.56,0.72,0.78; 0.8), (0.48,0.56,0.72,0.78; 1.0)] 
23C  [(0.96,0.99,1.00,1.00; 0.8), (0.96,0.99,1.00,1.00; 1.0)] [(0.82,0.88,0.96,0.98; 0.8), (0.82,0.88,0.96,0.98; 1.0)] 
31C  [(0.91,0.94,0.98,0.99; 0.8), (0.91,0.94,0.98,0.99; 1.0)] [(0.58,0.63,0.80,0.86; 0.8), (0.58,0.63,0.80,0.86; 1.0)] 
32C  [(0.80,0.85,0.94,0.97; 0.8), (0.80,0.85,0.94,0.97; 1.0)] [(0.77,0.83,0.94,0.98; 0.8), (0.77,0.83,0.94,0.98; 1.0)] 
33C  [(0.45,0.52,0.69,0.75; 0.8), (0.45,0.52,0.69,0.75; 1.0)] [(0.96,0.99,1.00,1.00; 0.8), (0.96,0.99,1.00,1.00; 1.0)] 
 
 
Table 3.20: Aggregated fuzzy ratings and aggregated fuzzy weights of main-criteria (Grade I) 
 
Main Criteria Fuzzy aggregated ratings, iU  Fuzzy aggregated weights, jw  
1C  [(0.78,0.82,0.91,0.95; 0.8), (0.78,0.82,0.91,0.95; 1.0)] [(0.96,0.99,1.00,1.00; 0.8), (0.96,0.99,1.00,1.00; 1.0)] 
2C  [(0.81,0.85,0.91,0.95; 0.8), (0.81,0.85,0.91,0.95; 1.0)] [(0.61,0.67,0.83,0.89; 0.8), (0.61,0.67,0.83,0.89; 1.0)] 
3C  [(0.68,0.86,0.86,0.90; 0.8), (0.68,0.86,0.86,0.90; 1.0)] [(0.88,0.93,0.98,0.99; 0.8), (0.88,0.93,0.98,0.99; 1.0)] 
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Table 3.24: Ratings of sub-criteria (Grade III) assigned by the DMs using linguistic terms 
 
iC  ijC  ijkC  Subjective Ratings 
1DM  2DM  3DM  4DM  
C1 C11 C111 VG G G AG 
C112 AG G VG VG 
C113
 G G VG VG 
C12 C121 MG MG G MG 
C122 G MG G G 
C13
 C131
 AG AG G MG 
C132
 MG AG G VG 
C14 C141 MG VG G G 
C142 VG MG MG G 
C2 C21 C211 G AG G VG 
C212 AG VG G VG 
C22 C221 M M M G 
C222 G M G M 
C23
 C231
 AG VG VG AG 
C232
 VG VG G G 
C233
 AG AG G AG 
C3
 C31
 C311
 AG AG VG G 
C312
 AG G VG G 
C313
 AG VG G G 
C32
 C321
 G MG VG AG 
C322
 G G AG G 
C323
 G VG G G 
C33
 C331
 MG MG M M 
C332
 VG AG MG G 
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Table 3.25: Weights of sub-criteria (Grade III) assigned by the DMs using linguistic terms 
 
ijkC  Subjective Weights 
1DM  2DM  3DM  4DM  
111C  VH VH H VH 
112C  H VH MH H 
113C  M MH M M 
121C  MH H M M 
122C  MH MH H M 
131C  MH MH MH MH 
132C  AH AH VH VH 
141C  H H H H 
142C  MH MH H MH 
211C  MH M H MH 
212C  VH VH H AH 
221C  AH AH AH AH 
222C  MH MH H MH 
231C  H H VH H 
232C  AH AH H AH 
233C  VH H H VH 
311C  MH M H H 
312C  H H H H 
313C  AH H VH AH 
321C  H H H H 
322C  H VH VH H 
323C  H MH MH H 
331C  AH VH AH VH 
332C  VH AH AH VH 
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Table 3.26: Weights of sub-criteria (Grade II) assigned by the DMs using linguistic terms 
 
ijC  Subjective Weights 
1DM  2DM  3DM  4DM  
11C  MH MH H MH 
12C  VH VH H VH 
13C  VH VH VH H 
14C  MH MH M MH 
21C  H H VH H 
22C  VH VH VH VH 
23C  AH VH AH VH 
31C  H VH H VH 
32C  VH AH VH VH 
33C  AH H VH AH 
 
 
 
Table 3.27: Weights of main criteria (Grade I) assigned by the DMs using linguistic terms 
 
ijC  Subjective Weights 
1DM  2DM  3DM  4DM  
1C  AH VH VH AH 
2C  VH H VH AH 
3C  H VH H VH 
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Table 3.28: Average (aggregated) fuzzy ratings and average fuzzy weights of sub-criteria (Grade III) 
  
ijkC  Fuzzy aggregated ratings Fuzzy aggregated weights 
C111 [(0.84,0.88,0.96,0.98; 0.8), (0.84,0.88,0.96,0.98; 1)] [(0.87,0.93,0.98,0.99; 0.8), (0.87,0.93,0.98,0.99; 1)] 
C112 [(0.89,0.93,0.98,0.99; 0.8), (0.89,0.93,0.98,0.99; 1)] [(0.73,0.79,0.91,0.95; 0.8), (0.73,0.79,0.91,0.95; 1)] 
C113
 [(0.82,0.88,0.96,0.98; 0.8), (0.82,0.88,0.96,0.98; 1)] [(0.38,0.46,0.63,0.70; 0.8), (0.38,0.46,0.63,0.70; 1)] 
C121 [(0.61,0.66,0.83,0.88; 0.8), (0.61,0.66,0.83,0.88; 1)] [(0.48,0.55,0.72,0.78; 0.8), (0.48,0.55,0.72,0.78; 1)] 
C122 [(0.68,0.74,0.89,0.94; 0.8), (0.68,0.74,0.89,0.94; 1)] [(0.55,0.61,0.77,0.83; 0.8), (0.55,0.61,0.77,0.83; 1)] 
C131
 [(0.82,0.85,0.93,0.95; 0.8), (0.82,0.85,0.93,0.95; 1)] [(0.58,0.63,0.80,0.86; 0.8), (0.58,0.63,0.80,0.86; 1)] 
C132
 [(0.80,0.84,0.93,0.95; 0.8), (0.80,0.84,0.93,0.95; 1)] [(0.96,0.99,1.00,1.00; 0.8), (0.96,0.99,1.00,1.00; 1)] 
C141 [(0.73,0.79,0.91,0.95; 0.8), (0.73,0.79,0.91,0.95; 1)] [(0.72,0.78,0.92,0.97; 0.8), (0.72,0.78,0.92,0.97; 1)] 
C142 [(0.70,0.75,0.88,0.92; 0.8), (0.70,0.75,0.88,0.92; 1)] [(0.61,0.66,0.83,0.88; 0.8), (0.61,0.66,0.83,0.88; 1)] 
C211 [(0.84,0.88,0.96,0.98; 0.8), (0.84,0.88,0.96,0.98; 1)] [(0.55,0.61,0.77,0.83; 0.8), (0.55,0.61,0.77,0.83; 1)] 
C212 [(0.89,0.93,0.98,0.99; 0.8), (0.89,0.93,0.98,0.99; 1)] [(0.89,0.93,0.98,0.99; 0.8), (0.89,0.93,0.98,0.99; 1)] 
C221 [(0.42,0.50,0.66,0.73; 0.8), (0.42,0.50,0.66,0.73; 1)] [(1.00,1.00,1.00,1.00; 0.8), (1.00,1.00,1.00,1.00; 1)] 
C222 [(0.52,0.59,0.75,0.81; 0.8), (0.52,0.59,0.75,0.81; 1)] [(0.61,0.66,0.83,0.88; 0.8), (0.61,0.66,0.83,0.88; 1)] 
C231
 [(0.96,0.99,1.00,1.00; 0.8), (0.96,0.99,1.00,1.00; 1)] [(0.77,0.83,0.94,0.97; 0.8), (0.77,0.83,0.94,0.97; 1)] 
C232
 [(0.82,0.88,0.96,0.98; 0.8), (0.82,0.88,0.96,0.98; 1)] [(0.93,0.94,0.98,0.99; 0.8), (0.93,0.94,0.98,0.99; 1)] 
C233
 [(0.93,0.94,0.98,0.99; 0.8), (0.93,0.94,0.98,0.99; 1)] [(0.82,0.88,0.96,0.98; 0.8), (0.82,0.88,0.96,0.98; 1)] 
C311
 [(0.91,0.94,0.98,0.99; 0.8), (0.91,0.94,0.98,0.99; 1)] [(0.58,0.65,0.80,0.86; 0.8), (0.58,0.65,0.80,0.86; 1)] 
C312
 [(0.84,0.88,0.96,0.98; 0.8), (0.84,0.88,0.96,0.98; 1)] [(0.72,0.78,0.92,0.97; 0.8), (0.72,0.78,0.92,0.97; 1)] 
C313
 [(0.84,0.88,0.96,0.98; 0.8), (0.84,0.88,0.96,0.98; 1)] [(0.91,0.94,0.98,0.99; 0.8), (0.91,0.94,0.98,0.99; 1)] 
C321
 [(0.81,0.85,0.93,0.96; 0.8), (0.81,0.85,0.93,0.96; 1)] [(0.72,0.78,0.92,0.97; 0.8), (0.72,0.78,0.92,0.97; 1)] 
C322
 [(0.79,0.84,0.94,0.97; 0.8), (0.79,0.83,0.94,0.97; 1)] [(0.82,0.88,0.96,0.98; 0.8), (0.82,0.88,0.96,0.98; 1)] 
C323
 [(0.77,0.83,0.94,0.97; 0.8), (0.77,0.83,0.94,0.97; 1)] [(0.65,0.70,0.86,0.91; 0.8), (0.65,0.70,0.86,0.91; 1)] 
C331
 [(0.45,0.52,0.69,0.75; 0.8), (0.45,0.52,0.69,0.75; 1)] [(0.96,0.99,1.00,1.00; 0.8), (0.96,0.99,1.00,1.00; 1)] 
C332
 [(0.81,0.85,0.93,0.96; 0.8), (0.81,0.85,0.93,0.96; 1)] [(0.96,0.99,1.00,1.00; 0.8), (0.96,0.99,1.00,1.00; 1)] 
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Table 3.29: Average (aggregated) fuzzy ratings and average fuzzy weights of sub-criteria (Grade II) 
 
ijkC  Fuzzy aggregated ratings  Fuzzy aggregated weights 
11C  [(1.71,1.97,2.44,2.61; 0.8), (1.71,1.97,2.44,2.61; 1)] [(0.61,0.66,0.83,0.88; 0.8), (0.61,0.66,0.83,0.88; 1)] 
12C  [(0.67,0.82,1.28,1.48; 0.8), (0.67,0.82,1.28,1.48; 1)] [(0.87,0.93,0.98,0.99; 0.8), (0.87,0.93,0.98,0.99; 1)] 
13C  [(1.25,1.37,1.67,1.78; 0.8), (1.25,1.37,1.67,1.78; 1)] [(0.87,0.93,0.98,0.99; 0.8), (0.87,0.93,0.98,0.99; 1)] 
14C  [(0.96,1.12,1.56,1.74; 0.8), (0.96,1.12,1.56,1.74; 1)] [(0.51,0.57,0.74,0.80; 0.8), (0.51,0.57,0.74,0.80; 1)] 
21C  [(1.26,1.41,1.70,1.80; 0.8), (1.26,1.41,1.70,1.80; 1)] [(0.77,0.83,0.94,0.97; 0.8), (0.77,0.83,0.94,0.97; 1)] 
22C  [(0.74,0.90,1.28,1.45; 0.8), (0.74,0.90,1.28,1.45; 1)] [(0.93,0.98,1.00,1.00; 0.8), (0.93,0.98,1.00,1.00; 1)] 
23C  [(2.28,2.48,2.82,2.93; 0.8), (2.28,2.48,2.82,2.93; 1)] [(0.96,0.99,1.00,1.00; 0.8), (0.96,0.99,1.00,1.00; 1)] 
31C  [(1.90,2.13,2.61,2.78; 0.8), (1.90,2.13,2.61,2.78; 1)] [(0.82,0.88,0.96,0.98; 0.8), (0.82,0.88,0.96,0.98; 1)] 
32C  [(1.73,1.98,2.56,2.78; 0.8), (1.73,1.98,2.56,2.78; 1)] [(0.94,0.98,1.00,1.00; 0.8), (0.94,0.98,1.00,1.00; 1)] 
33C  [(1.21,1.35,1.62,1.71; 0.8), (1.21,1.35,1.62,1.71; 1)] [(0.91,0.94,0.98,0.99; 0.8), (0.91,0.94,0.98,0.99; 1)] 
 
 
 
 
Table 3.30: Average (aggregated) fuzzy ratings and average fuzzy weights of main criteria (Grade I) 
 
ijkC  Fuzzy aggregated ratings  Fuzzy aggregated weights 
1C  [(3.24,4.00,6.09,6.95; 0.8), (3.24,4.00,6.09,6.95; 1)] [(0.96,0.99,1.00,1.00; 0.8), (0.96,0.99,1.00,1.00; 1)]  
2C  [(3.86,4.51,5.71,6.14; 0.8), (3.86,4.51,5.71,6.14; 1)] [(0.89,0.93,0.98,0.99; 0.8), (0.89,0.93,0.98,0.99; 1)]  
3C  [(4.31,5.09,6.66,7.22; 0.8), (4.31,5.09,6.66,7.22; 1)] [(0.82,0.88,0.96,0.98; 0.8), (0.82,0.88,0.96,0.98; 1)] 
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Table 3.35: Appropriateness rating of agile criterions given by the decision-makers 
 
3rd level indices  
(criterions) ijkC  
Linguistic rating  
DM1 DM2 DM3 DM4 DM5 
C111 G VG G G G 
C121 MG MG G MG MG 
C131
 M MG G MG MG 
C141 G G G VG VG 
C142 G VG VG G G 
C211 MG G G G MG 
C212 G VG G VG G 
C221 MG MG MG MG MG 
C222 M MG M M M 
C223
 G MG G MG G 
C224 G G G G G 
C231
 MP MP P M MP 
C311
 G G G G G 
C312
 
G VG VG VG G 
C321
 
MG M M M M 
C322
 
G G VG VG G 
C331
 
M MG MG MG M 
C332
 
G G G G G 
C411
 VG G VG G G 
C412
 MG G G G G 
C421
  MG M M M M 
C422
 M MG M M M 
C423
 
G G G G G 
C431
 
MG MG G G G 
C432
  
G M G G G 
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Table 3.36: Priority weights of agile criterions given by the decision-makers 
 
3rd level indices  
(criterions) ijkC  
Linguistic weight 
DM1 DM2 DM3 DM4 DM5 
C111 H H H H H 
C121 H VH H H H 
C131
 MH H MH H MH 
C141 H H H H H 
C142 M H M H H 
C211 M MH MH H H 
C212 VH H H H H 
C221 H MH H MH H 
C222 H H H H H 
C223
 VH H H VH VH 
C224 H H H H H 
C231
 H VH H H H 
C311
 MH H MH H MH 
C312
 
H H H VH H 
C321
 
H H H H H 
C322
 
VH H H H VH 
C331
 
M MH M M MH 
C332
 
H MH H H H 
C411
 VH H H H H 
C412
 H VH H H H 
C421
  H H MH H MH 
C422
 H H H H H 
C423
 
H H H MH H 
C431
 
H H H H H 
C432
  
VH H VH VH H 
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Table 3.37: Priority weights of agile attributes given by the decision-makers 
 
2nd level 
indices 
(attributes) ijC  
Linguistic Weight 
DM1 DM2 DM3 DM4 DM5 
11C  H MH H H H 
12C  VH H H H H 
13C  H VH H H H 
14C  H H MH H MH 
21C  VH H H H H 
22C   H MH H MH H 
23C   H H H H H 
31C  VH H H VH VH 
32C  H VH H H H 
33C  H H H H MH 
41C  VH H H H H 
42C  H H H MH H 
43C  M MH H MH H 
 
 
 
 
Table 3.38: Priority weights of agile capabilities/ enablers given by the decision-makers 
 
1st level indices  
(capabilities) iC  
Linguistic weight 
DM1 DM2 DM3 DM4 DM5 
1C  H H MH H MH 
2C  VH H H H H 
3C  H VH VH H H 
4C  H H VH H VH 
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Table 3.39: Aggregated grey priority weight and appropriateness rating of agile criterions 
 
3rd level indices (criterions) ijkC  ijkw  Aggregated weight ijkU  Aggregated rating 
C111 w111 [0.60, 0.90] U111 [6.60,9.20] 
C121 w121 [0.66, 0.92] U121 [5.20,6.60] 
C131
 w131
 [0.54, 0.72] U131
 [5.00,6.40] 
C141 w141 [0.60, 0.90] U141 [7.20,9.40] 
C142 w142 [0.52, 0.74] U142 [7.80,9.60] 
C211 w211 [0.52, 0.70] U211 [5.60,7.80] 
C212 w212 [0.66, 0.92] U212 [7.20,9.40] 
C221 w221 [0.56, 0.78] U221 [5.00,6.00] 
C222 w222 [0.60, 0.90] U222 [4.20,5.20] 
C223
 w223
 [0.78, 0.96] U223
 [5.60,7.80] 
C224 w224 [0.60, 0.90] U224 [6.00,9.00] 
C231
 w231
 [0.66, 0.92] U231
 [2.80,4.00] 
C311
 w311
 [0.54, 0.72] U311
 [6.00,9.00] 
C312
 
w312
 
[0.66, 0.92] U312
 
[7.80,9.60] 
C321
 
w321
 
[0.60, 0.90] U321
 
[4.20,5.20] 
C322
 
w322
 
[0.72, 0.94] U322
 
[7.20,9.40] 
C331
 
w331
 
[0.44, 0.54] U331
 
[4.60,5.60] 
C332
 
w332
 
[0.58, 0.84] U332
 
[6.00,9.00] 
C411
 w411
 [0.66, 0.92] U411
 [7.20,9.40] 
C412
 w412
 [0.66, 0.92] U412
 [5.80,8.40] 
C421
 w421
 [0.52, 0.74] U421
 [4.20,5.20] 
C422
 w422
 [0.60, 0.90] U422
 [4.20,5.20] 
C423
 
w423
 
[0.58, 0.84] U423
 
[6.00,9.00] 
C431
 
w431
 
[0.60, 0.90] U431
 
[5.60,7.80] 
C432
 
w432
 
[0.78, 0.96] U432
 
[5.60,8.20] 
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Table 3.40: Aggregated grey priority weight and computed appropriateness rating of agile attributes 
 
2nd level indices 
(attributes) ijC  
           ijw  Aggregated weight ijU  Computed rating 
11C  11w  [0.60, 0.90] 11U  [4.40,13.80] 
12C  12w  [0.66, 0.92] 12U  [3.73,9.20] 
13C  13w  [0.54, 0.72] 13U  [3.75,8.53] 
14C  14w  [0.56, 0.78] 14U  [5.10,13.89] 
21C  21w  [0.66, 0.92] 21U  [4.73,11.95] 
22C   22w  [0.56, 0.78] 22U  [3.75,9.82] 
23C   23w  [0.66, 0.92] 23U  [2.00,5.57] 
31C  31w  [0.78, 0.96] 31U  [5.11,12.76] 
32C  32w  [0.66, 0.92] 32U  [4.18,10.23] 
33C  33w  [0.58, 0.84] 33U  [3.98,10.37] 
41C  41w  [0.66, 0.92] 41U  [4.66,12.40] 
42C  42w  [0.58, 0.84] 42U  [3.30,9.46] 
43C  43w  [0.52, 0.70] 43U  [4.15,10.79] 
 
Table 3.41: Aggregated grey priority weight and computed appropriateness rating of agile capabilities 
 
1st level indices (capabilities) iC  i
w  Aggregated weight iU  Computed rating 
1C  1w  [0.56, 0.78] 1U  [3.00, 11.33] 
2C  2w  [0.66, 0.92] 2U  [2.50, 12.65] 
3C  3w  [0.72, 0.94] 3U  [3.33, 15.04] 
4C  4w  [0.72, 0.94] 4U  [2.90, 15.29] 
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Table 3.45: Assignment of criteria weight as given by evaluation team 
 
Criteria Subjective Weight 
DM1 DM2 DM3 DM4 DM5 
C111 VH H H H VH 
C112 H H H H H 
C113 VH VH H H H 
C114 H H H H H 
C115 VH VH H VH H 
C116 VH VH H H VH 
C117 H H H VH H 
C121 H H H H H 
C122 VH H VH H H 
C123 VH H H H VH 
C124 H H H H H 
C131 VH VH H H H 
C132 H H H H H 
C133 VH VH H VH H 
C134 VH VH H H VH 
C135 H H H VH H 
C211 H H H H H 
C212 VH H VH H H 
C213 H VH H H VH 
C214 VH H H H VH 
C215 H H H H H 
C216 VH VH H H H 
C217 H H H H H 
C218 VH VH H VH H 
C219 VH VH H H VH 
C221 VH H H H VH 
C222 H H H H H 
C223 VH VH H H H 
C231 H H H H H 
C232 VH VH H VH H 
C233 VH VH H H VH 
C311 H H H VH H 
C312 H H H H H 
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C313 VH H VH H H 
C314 H VH H H VH 
C315 VH H H H VH 
C321 H H H H H 
C322 VH VH H H H 
C323 H H H H H 
C324 VH VH H VH H 
C325 VH VH H H VH 
C331 H H H VH H 
C332 H H H H H 
C333 VH H H H VH 
C334 H H H H H 
C411 VH VH H H H 
C412 H H H H H 
C413 VH VH H VH H 
C414 VH VH H H VH 
C421 H H H VH H 
C422 VH H H H VH 
C423 H H H H H 
C424 VH VH H H H 
C425 H H H H H 
C426 VH VH H VH H 
C511 VH VH H H VH 
C512 H H H VH H 
C513 H H H H H 
C514 VH H VH H H 
C515 H VH H H VH 
C516 VH H H VH VH 
C517 H VH VH VH H 
C518 VH H H H VH 
C521 H H H H H 
C522 VH VH H H H 
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Table 3.46: Assignment of attribute weight as given by the evaluation team 
 
Criteria Subjective Weight 
DM1 DM2 DM3 DM4 DM5 
C11 VH H H H VH 
C12 H H H H H 
C13 VH VH H H H 
C21 H H H H H 
C22 VH VH H VH H 
C23 VH VH H H VH 
C31 H H H VH H 
C32 H H H H H 
C33 VH H VH H H 
C41 H VH H H VH 
C42 VH H H VH VH 
C51 H VH VH VH H 
C52 H H H H H 
 
 
 
 
Table 3.47: Assignment of priority weight corresponding to individual agile capabilities as assigned the evaluation team 
 
Criteria Subjective Weight 
DM1 DM2 DM3 DM4 DM5 
C11 VH VH H VH H 
C12 H H H VH H 
C13 H VH H H H 
C21 VH H H H H 
C22 H VH VH H H 
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Table 3.48: Appropriateness rating (linguistic judgment) against agile criterions (3rd level indices) as given by the decision-makers 
 
 
Criterions Decision-Makers 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
C111 H H H H H H H H H H H H H M VH H H H VH H 
C112 H H H H H H H H H H H H H M H VH M M H H 
C113 H M H M M M M H M H M M H M H H M M H M 
C114 VH M M M M M M VH M VH M M VH H L M M L M M 
C115 VH M VH M L M L H L VH M L VH H VH M M VH H L 
C116 VH L H VH L H L H L H H L VH VH M L H M M L 
C117 M L M H H H H H H VH H H VH VH L H M L L H 
C121 M VH M H H H H M H VH H H H VH L M H M M H 
C122 M VH M H M VH VH M H VH M H H H H VH H H M H 
C123 L H L M M VH H M M M M H H H H L VH VH H H 
C124 L H L L L H H H L M L M H H H VL H H H VH 
C131 L L L L L H M H H M L M M M VH H H M M H 
C132 H L H L M H M VH H H L L M L H L VH H M H 
C133 H M VH H H M L H H H M L M VH H H H VH M L 
C134 M M VH H H M L L VH L M L L VH H M M M H L 
C135 L L H H VH L H M VH L H H L H M M H H VH H 
C211 M L VH VH VH L H H H M H H L H H VH H M M H 
C212 L H M VH H L H VH H H H H H H VH H VH VH L VH 
C213 L M M VH H M H H H H VH VH H H M H H L M VH 
C214 H M M VH M M H VH M VH VH VH H M M M H M M VH 
C215 H M L M L H VH H L VH VH H H M L M H L M VH 
C216 L L L M L H VH M L VH H H H M H H H H M VH 
C217 L L L M M H VH H L VH H H H L M VH H VL M H 
C218 H H H H H M H H M H H H H L H H H H H H 
C219 H H H H H M M H M H H M M L H L VH M M H 
C221 H H M H M L M M L H M M M M H L VH H M VH 
C222 M H M VH M L L M L H M L L M M H H L H VH 
C223 M VH L VH M H L L H M L L L H M H VH M M VH 
C231 L VH L VH L H H L H M H H H H H M M VH VH H 
C232 L VH VH VH M H H H H M H H H VH M M VH H H H 
C233 H VH VH H M VH H H H H H H H H H VH H M H VH 
C311 H M VH M H VH M H H H VH H VH H H M M H M VH 
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C312 H M H M H H M L M VH VH M VH VH M H H L H H 
C313 VH M H M H H M L M VH VH M H VH M H H H H H 
C314 VH L M L VH H L H L VH H L H VH H VH H H H VH 
C315 M L M L VH H L H L VH H L H VH H L VH M VH VH 
C321 M L L L VH H H H VH VH H L M H H H M H VH H 
C322 H H L M VH H H VH VH L M H M H VH M M L H VH 
C323 H H L M H VH H H VH L M H M M VH VH H VH H VH 
C324 H H H H H VH VH H H M L M L M H VH H M M H 
C325 M L H H H VH VH L H H L M L L H H VH M M H 
C331 L M VH H M H H L H H H M M L M H H H H VH 
C332 L H VH M M H VH H VH H VH H L L M M H H H VH 
C333 M VH H M M H VH H VH VH VH H L H M M M VH H H 
C334 L H H L L H M M H VH VH H H H M L VH L M H 
C411 H L VH L L VH M L H H H H L VH H VL VH M M VH 
C412 H L VH L L M L H M H H H L VH VH H H VH H VH 
C413 L H VH H H M L H M M H M VH H H H H M H VH 
C414 L VH H H VH M H VH L L M L VH H H M M L H H 
C421 L VH H H VH L M H H M M H H M H M VH H M H 
C422 H VH M H VH L L H VH M L H H M VH L M M M L 
C423 H H M H VH L L H H L L M H M VH VH H H VH L 
C424 M H L VH VH L VL L H L H L M H M H H L H L 
C425 M H H H VH M M H H H H M H VH H VH H M H H 
C426 H H H H H H H H H H H H M H H H H M VH H 
C511 H H H H H H H H H H H H M H VH M VH H H H 
C512 H H H H H H H M H M VH H H VH H VH VH M H VH 
C513 H VH M M M VH M M H M VH VH H VH M VH H VH M VH 
C514 M VH M M M VH M H VH M H VH H H M H H L M VH 
C515 M H H M M VH VH H VH L H VH H H M H M VL L L 
C516 VH H VH VH L VH VH VH VH L H H M H H M H M M L 
C517 VH H VH VH L H VH VH VH H VH H VH VH VH M H VH M L 
C518 H VH VH VH H H H H H H VH H VH VH VH L M L H H 
C521 H VH VH H H H H H H H H VH H H H H VH H H H 
C522 L VH VH H H H VH VH H H VH VH H H VH M H M VH H 
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(Table 3.48 continued)  
Criterions Decision-Makers 
21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 
C111 H VH H M H M VH VH M H VH H H H H H VH H H H 
C112 H H M M H H H H H M H VH H H H M H M M H 
C113 M L L H VH M M L VH H H H M M H H M H M VH 
C114 L M M M VH L VL VL M M VH M M M VH VH L M H VH 
C115 L VH H M H L VH H H M H VH H H VH VH H M VH VH 
C116 M VH L H M M VH M H M H M H H H H L M VH M 
C117 H M M M M H H L M M L L M M M H M M H M 
C121 H H H H L M M M VH H M M H H M M VH VH M L 
C122 H H M M L H L M VH M H H H H L M H M M L 
C123 VH VH L M L M VL M H H M VH M M L M M H L H 
C124 VH H M M H H VH L M M M M M L M L L VH M H 
C131 VH VH H M M M H H H M H H M L H L H VH H H 
C132 H L M H M VH VH M M H M M H L H H VH H VH VH 
C133 H H L VH L M VH VH VH H VH VH H M VH H M VH VH VH 
C134 H M M H H H M H H H VH VH H M H M M H H VH 
C135 L L H M H M M M M H H M M H H M M H H H 
C211 L H H H H VH VH VH VH VH H H VH H H L VH H L H 
C212 M H M M M VH VH H VH VH VH H VH H VH L VH VH M M 
C213 M M M L M M M M M H H M VH H VH H H M M M 
C214 H L M L L H VL L M H H M H VH H H H H H L 
C215 H H H M L M M L H VH M M M VH H H VH M H L 
C216 VH VH L H H M VL VL H VH H H H VH H H M VH VH H 
C217 VH VH M M H H L L H VH H H VH VH M VH L H VH H 
C218 H VH M H H M H M H VH H H H M H H VH H H H 
C219 H H L M H H M VH M H VH H VH M H H M M M H 
C221 H M L M H M L L H H VH H H L M H M VH M H 
C222 VH M M H H M M M H VH M M H L M M H VH L M 
C223 VH H M M VH H VH H M H M H H L L M M H H M 
C231 H M H H VH M M VH H VH M H VH M H H L H VH M 
C232 H M M M H M L H H H M VH VH H H VH L H VH L 
C233 L L M M H H VL M M VH H H VH H H VH H VH H L 
C311 L M H L H M M L L H H VH H H H H M H H H 
C312 M M M L M M L VL L H M M H H VH H H H M H 
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C313 M H L M M L L L M H L M M VH VH M H M M VH 
C314 M H L M L H L M M H M H H VH VH L VH H L VH 
C315 H VH M H L M H L VH H H H H H H M VH H L VH 
C321 VH M H H H L L VL M H H H M H H M VH H M H 
C322 VH H H H H L M L H H VH VH H H H H H H M H 
C323 L VH M M H M L L VH H VH VH H VH H H H M M H 
C324 L H H H VH H L L H H H H H H M H VH M H M 
C325 H M VH H VH VH H M M H M H H H M VH M H VH M 
C331 H L VH M VH H L L M H M M M H M H L M H L 
C332 H VH H M H M H L H M H M M M L VH VH M H L 
C333 VH L M L H L L M M M M L H M L H VH M M L 
C334 VH H H L VH H L M VH H M L H M L H H H L M 
C411 H VH M M H M L H H M M H M L M H M H H M 
C412 H M M M M L L L H H H M H L M VH M M H L 
C413 H L M M M L L M M H H H M H M VH VH H VH L 
C414 L H H H L VH VL H VH M M M H H L H M H VH H 
C421 L H H H L H L L VH H H H H VH L H M H H H 
C422 M L L L H M M M M M M M H VH L H H M H H 
C423 M VH L L VH L L M H M VH H H H L H H H H H 
C424 M M M M H M VL M H H M M H H H H VH M H H 
C425 VH H L M H H VL VL VH VH H H VH H VH H VH H VH VH 
C426 H H M L H H L L H H H M M H H H VH H H VH 
C511 H H H M H M M M VH H VH M H H H H VH M H VH 
C512 H H M H H L L L VH M VH M H M H VH H L VH H 
C513 VH VH M H H VL M M H M M H M M M H H H VH H 
C514 VH H H H H H L VL H H L L H H M H M M VH M 
C515 VH VH L M H VH VL L H H L L H H L VH L H H M 
C516 H H M H M M M VL VH M H M M VH L VH H H H H 
C517 H H VL M M L M M H M H VH M VH H VH VH M H H 
C518 L VH H M VH H L VL VH M M VH H H H H VH M H H 
C521 L H H M VH H VL M VH H VH VH H H H H M H H VH 
C522 M H H M VH M L H VH H H H M VH H H M M VH VH 
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(Table 3.48 continued) 
Criterions Decision-Makers 
41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 
C111 H H H H H M M H H H H H H M H L H M H H 
C112 H H VH H H M H M H H H H H H H M H H H H 
C113 M VH VH VH M M VH H H H H VH H H M VL M H H H 
C114 M VH H VH M H L VH VH M VH VH M M M VL M VH M M 
C115 M H H VH L H H L VH H VH H M H M L H M M M 
C116 H H VH H L H L M H H H H VH VH H VH VH M M H 
C117 H H VH H H H H H H M H M VH H H H VH H VH H 
C121 VH VH H M H VH M M VH M VH M H H H M H M VH H 
C122 VH VH H M VH VH H H H H VH H H H VH L L M H M 
C123 VH H H L VH VH VH M VH VH M VH H VH H M L L H M 
C124 VH H VH M M H H VH VH VH M H H VH H H M H H VH 
C131 H M H H M H M L M M H H M H VH L M H H VH 
C132 H M H H L H L H M M H H VH H VH VH H H M VH 
C133 M L VH M L H H H M H VH VH H M VH H H VH M H 
C134 M L VH M H M VH M H VH VH VH H M M L H VH L H 
C135 M M VH L H M M L H VH VH VH H M M M M VH H H 
C211 H M H L VH M H H VH H H H M H M H M M H M 
C212 H H H H H H VH VH H H H H M M H VH L M H M 
C213 L H H H M H M H H VH H H L H H L H M M L 
C214 L H VH VH M VH L M M VH VH H L H H VL H H M L 
C215 L H VH VH L VH H L M VH VH M M VH VH L VH H H H 
C216 H H H H L VH M H L H VH M H VH VH M VH H H H 
C217 H H H H H VH L M L H H M H H VH H VH L H H 
C218 H H H H H H L H H H H H H H H VH H M M M 
C219 VH H H H H H M VH H H H H M H H H H H M M 
C221 VH VH VH H M VH H M H H M H M H M M M H H H 
C222 H VH H VH M VH VH H M VH M H M M M L M M H H 
C223 M VH VH VH L VH L M M VH H VH H M L VL L H VH M 
C231 L H H H L H H H M H H VH VH L H L VH VH H VH 
C232 L M H H H H M M L H H VH VH L H M VH VH H VH 
C233 H M H H H H L VH L VH VH H VH H VH H VH H M VH 
C311 H M VH H VH H VL H L H VH H VH H M M H M M H 
C312 L L H H VH M H M M H VH H H H M M H H L H 
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C313 L L H M H M VH L M H H M H VH H L M H H M 
C314 H L VH M H M L H H VH H M H VH H M M VH H M 
C315 H M VH VH H L M VH H VH H M M M L H L VH M M 
C321 VH M VH VH H L VH H H VH H M M M L VH L H M M 
C322 VH H H H M L H M H VH VH M M M H H H H M H 
C323 VH H H M M M M VH M H H L M M H L H H L VH 
C324 H VH VH H M M L L M H H L L H VH L H VH L VH 
C325 H VH VH H L M VL M H M H L L H VH M H VH L VH 
C331 H H H H L H M VH H M VH M H VH H L H H M H 
C332 L H H VH L H H H H M VH M M VH H H VH H H H 
C333 L L H H H H VH H VH M H H M H H H VH M H H 
C334 H L VH VH VH M H M VH L H H M M M VH VH M H H 
C411 M M VH VH VH M L VH VH L H H H L M H M M VH VH 
C412 L M H H H H M H H L H H H L M L M L VH VH 
C413 L H H H H H L H H H M H H L L L L L H VH 
C414 H H H VH M H VL M M H M VH VH H L L L H H H 
C421 H VH H VH M VH H H H M M VH H H H M M M M H 
C422 H VH VH H VH VH VH L VH M M VH H M H M M M M H 
C423 H VH VH H VH VH M H VH H H VH H M VH L L M L H 
C424 VH VH VH H VH H H M VH L H VH H M VH M H H L M 
C425 H VH H VH H H H H VH H VH H H M H VH VH H H M 
C426 H H H H VH H L H H H VH H H H H VH H H M H 
C511 H H H H VH H M M H H VH H H H H H H H M H 
C512 VH VH H VH VH H H H H VH VH H H VH VH L H H L H 
C513 VH VH VH VH H VH VH VH H H H VH VH VH VH L M VH L H 
C514 H H VH H H VH M H VH H H VH VH H H VL M VH H H 
C515 H H VH H H VH H L VH H H H VH H H L M H H M 
C516 H H H H H H L H VH VH H H VH H M VH VH H H M 
C517 H VH H M H H M M VH VH H H M H H H VH VH VH M 
C518 VH VH VH M VH M H H H VH VH H M M H M H VH VH L 
C521 VH VH H L VH M VH H H VH VH VH H M VH M H VH L L 
C522 VH VH H L VH M L M VH VH VH VH H M VH M H H M H 
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(Table 3.48 continued) 
Criterions Decision-Makers 
61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 
C111 H H H H H H H H M H H H H H M H H L H M 
C112 H H H H H H H M H H M M M M H M M M H H 
C113 H H VH H H H H H VH M VH L H M H H VH H H VH 
C114 H H H M M M H H H H H VH H H M M H H M M 
C115 H M H M M M VH VH M H H L VH H H M M VH M H 
C116 VH M H M M M H VH L VH M M H H VH L L M M H 
C117 H H M VH H VH M H H VH M H H VH H H H L VH M 
C121 VH H M VH H VH M H H H M L M VH H H H H VH VH 
C122 VH VH M VH H VH M H H H L VH M H M VH VH H M VH 
C123 H VH L H VH L H M VH VH L M H M M H H VH L H 
C124 H VH L M VH L H M VH VH M H H L H H H L L M 
C131 H VH H H H H H M M H M VL VH H H H M VH H H 
C132 H H H H H H VH H M H H L VH M VH H M L H M 
C133 H H H L M H VH H L M H M VH H H VH M H H VH 
C134 H H VH L M VH H H H M VH H H VH H VH H VH M H 
C135 H M VH L M H H VH H H VH VH H H H VH H L M M 
C211 H M VH L L M H VH H H H VH H H H H H VH H VH 
C212 VH L H M L L H H VH M H M H M M H M M H VH 
C213 VH L H M L H H H VH M H H H M L H M H H M 
C214 VH L H M L H H VH VH M VH L M L H M VH H M M 
C215 VH H M H H VH VH VH M L VH M M L H M H VH M H 
C216 VH H M H H VH VH H M L H M L H VH L H VH H H 
C217 H VH L H VH H VH H H VH H H L H L L H VH H H 
C218 H H H H H H H H H H H H H H VH H M VH H H 
C219 H H H H H H H M M H H L M M H H M H H M 
C221 VH H H H H M H H H M M VL M M H M H M M H 
C222 VH H M VH H M VH H H M M M H H VH M H M M H 
C223 H VH M VH VH H H H VH M H VH H M H L M H L M 
C231 H VH L H VH H H M H L VH L H L M L M VH H H 
C232 H M L H VH M VH M H L VH H H L H H H VH H H 
C233 H M L H H M VH M M H VH VH VH M H H H M L M 
C311 H M H H H H M M M H H VL H M H H VH M L L 
C312 H H H M H H M L M H M L M H VH VH H M M L 
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C313 M H H M M H M L VH VH M H H H VH H H L M M 
C314 M VH H M M M H L VH VH M VH M H H H M L M M 
C315 M VH H H M M H L H VH H M H VH H VH M H M VH 
C321 L H H H M VH M L VH M H M VH VH M VH H M L M 
C322 L M VH VH H H M H M M VH VL H H L H VH VH L H 
C323 L M VH VH H H L H M M VH L H H VH H VH H L VH 
C324 M L VH H H VH L H VH L VH M H M H H VH H M H 
C325 M L M H H H VH VH L L H L M M VH VH L M M M 
C331 M H M H H H L VH L H H VH VH H H H L L VH M 
C332 H H L M H H M VH L H M VH VH H H H M L VH H 
C333 H H L M M VH H H M H M M H H M VH M H H M 
C334 H M L L M VH H H M M L L H H M VH M M VH VH 
C411 VH M H L L H VH VH VH M L H M H L M H H VH H 
C412 VH L H M L H M VH H L H VL M M L M H VH H H 
C413 VH L H H L H M VH H L H M H M H L H VH H M 
C414 H H H H H VH H H H H M VH VH H VH H M H M VH 
C421 H H H VH H VH M H M H L L H H H L L H VH VH 
C422 H M H H H H M H M H L VH H H H M L M VH M 
C423 H M VH M H H L H H H M M H VH H M L VH H H 
C424 M M VH M H VH L H VH H H H M VH H H M VH H H 
C425 H VH H VH H H M H H H H H M H VH H H H H VH 
C426 M H H VH H H H H H H H VL VH VH H H H VH VH H 
C511 H H H H H H H H H H H H H H H H H VH VH VH 
C512 H H H H H H H H H H H M H M VH VH M H H VH 
C513 H H H H H VH VH VH H VH VH VH M L VH VH M VH H H 
C514 VH H H VH H VH VH VH VH VH VH VL VH M H H L H H H 
C515 VH H H VH VH VH VH H VH VH VH L H H H H L H VH H 
C516 H H H H VH M H VH H H H M H H M M H M VH VH 
C517 H VH VH H VH M H VH H H H VH M VH M M H H H H 
C518 H VH VH H H M H H H VH M H L VH H L M H H VH 
C521 M VH VH VH H H VH H H VH M L L H H L L H VH VH 
C522 M M M VH H M VH H H H H H VH H M VH L H VH VH 
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Table 3.49: Aggregated weight and appropriateness rating of agile criterions 
 
3rd level indices (criterions) ijkC  ijkw  Aggregated weight ijkU  
Aggregated rating 
C111 W111 (1,0.85,1) U111 (0.48,0.73,0.95) 
C112 W112 (1,0.75,1) U112 (0.45,0.70,0.94) 
C113 W113 (1,0.85,1) U113 (0.43,0.68,0.88) 
C114 W114 (1,0.75,1) U114 (0.38,0.62,0.82) 
C115 W115 (1,0.9,1) U115 (0.42,0.67,0.86) 
C116 W116 (1,0.9,1) U116 (0.39,0.64,0.84) 
C117 W117 (1,0.8,1) U117 (0.42,0.67,0.88) 
C121 W121 (1,0.75,1) U121 (0.45,0.7,0.90) 
C122 W122 (1,0.85,1) U122 (0.45,0.70,0.89) 
C123 W123 (1,0.85,1) U123 (0.4,0.64,0.83) 
C124 W124 (1,0.75 ,1) U124 (0.39,0.63,0.84) 
C131 W131 (1,0.85 ,1) U131 (0.39,0.63,0.86) 
C132 W132 (1,0.75 ,1) U132 (0.41,0.66,0.87) 
C133 W133 (1,0.90,1) U133 (0.46,0.71,0.89) 
C134 W134 (1,0.90,1) U134 (0.43,0.68,0.87) 
C135 W135 (1,0.80 ,1) U135 (0.40,0.65,0.86) 
C211 W211 (1,0.75 ,1) U211 (0.46,0.71,0.90) 
C212 W212 (1,0.85 ,1) U212 (0.46,0.71,0.89) 
C213 W213 (1,0.85 ,1) U213 (0.38,0.63,0.86) 
C214 W214 (1,0.85,1) U214 (0.39,0.63,0.83) 
C215 W215 (1,0.75 ,1) U215 (0.41,0.66,0.85) 
C216 W216 (1,0.85 ,1) U216 (0.44,0.68,0.88) 
C217 W217 (1,0.75,1) U217 (0.43,0.68,0.87) 
C218 W218 (1,0.90,1) U218 0.48,0.73,0.96) 
C219 W219 (1,0.90,1) U219 (0.42,0.67,0.9) 
C221 W221 (1,0.85,1) U221 (0.38,0.63,0.85) 
C222 W222 (1,0.75,1) U222 (0.38,0.63,0.84) 
C223 W223 (1,0.85,1) U223 (0.39,0.64,0.83) 
C231 W231 (1,0.75,1) U231 (0.43,0.68,0.87) 
C232 W232 (1,0.90,1) U232 (0.44,0.69,0.89) 
C233 W233 (1,0.90,1) U233 (0.47,0.71,0.90) 
C311 W311 (1,0.80,1) U311 (0.41,0.66,0.87) 
C312 W312 (1,0.75,1) U312 (0.37,0.62,0.84) 
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C313 W313 (1,0.85,1) U313 (0.38,0.63,0.84) 
C314 W314 (1,0.85,1) U314 (0.40,0.65,0.85) 
C315 W315 (1,0.85,1) U315 (0.42,0.67,0.86) 
C321 W321 (1,0.75 ,1) U321 (0.41,0.65,0.85) 
C322 W322 (1,0.85,1) U322 (0.43,0.68,0.88) 
C323 W323 (1,0.75,1) U323 (0.43,0.68,0.87) 
C324 W324 (1,0.90,1) U324 (0.41,0.66,0.87) 
C325 W325 (1,0.90,1) U325 (0.39,0.64,0.83) 
C331 W331 (1,0.80,1) U331 (0.39,0.64,0.85) 
C332 W332 (1,0.75,1) U332 (0.43,0.68,0.88) 
C333 W333 (1,0.85 ,1) U333 (0.39,0.64,0.85) 
C334 W334 (1,0.75,1) U334 (0.38,0.63,0.83) 
C411 W411 (1,0.85,1) U411 (0.39,0.64,0.83) 
C412 W412 (1,0.75,1) U412 (0.35,0.6,0.81) 
C413 W413 (1,0.90,1) U413 (0.37,0.62,0.84) 
C414 W414 (1,0.90,1) U414 (0.42,0.66,0.87) 
C421 W421 (1,0.80,1) U421 (0.42,0.67,0.88) 
C422 W422 (1,0.85,1) U422 (0.38,0.63,0.84) 
C423 W423 (1,0.75 ,1) U423 (0.42,0.67,0.86) 
C424 W424 (1,0.85 ,1) U424 (0.41,0.65,0.85) 
C425 W425 (1,0.75,1) U425 (0.52,0.76,0.94) 
C426 W426 (1,0.90 ,1) U426 (0.48,0.73,0.94) 
C511 W511 (1,0.90,1) U511 (0.50,0.75,0.97) 
C512 W512 (1,0.80,1) U512 (0.49,0.74,0.93) 
C513 W513 (1,0.75,1) U513 (0.52,0.76,0.91) 
C514 W514 (1,0.85,1) U514 (0.47,0.71,0.89) 
C515 W515 (1,0.85,1) U515 (0.44,0.69,0.87) 
C516 W516 (1,0.90,1) U516 (0.47,0.71,0.90) 
C517 W517 (1,0.90,1 U517 (0.50,0.75,0.92) 
C518 W518 (1,0.85,1) U518 (0.49,0.73,0.91) 
C521 W521 (1,0.75,1) U521 (0.50,0.74,0.92) 
C522 W522 (1,0.85,1) U522 (0.50,0.75,0.91) 
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Table 3.50: Aggregated weight and computed appropriateness rating of agile attributes 
 
2nd level indices (attributes) ijC  ijw  Aggregated weight ijU  Computed rating 
C11 W11 (0.60,0.85,1) U11 (0.25, 0.67, 1.53) 
C12 W12 (0.50,0.75,1) U12 (0.23, 0.67, 1.57) 
C13 W13 (0.60,0.85,1) U13 (0.25, 0.67, 1.47) 
C21 W21 (0.50,0.75,1) U21 (0.25, 0.68, 1.52) 
C22 W22 (0.65,0.90,1) U22 (0.22, 0.64, 1.49) 
C23 W23 (0.65,0.90,1) U23 (0.27, 0.7, 1.48) 
C31 W31 (0.55,0.80,1) U31 (0.23, 0.65, 1.49) 
C32 W32 (0.50,0.75,1) U32 (0.24, 0.66, 1.48) 
C33 W33 (0.60,0.85,1) U33 (0.21, 0.65, 1.59) 
C41 W41 (0.60,0.85,1) U41 (0.23, 0.63, 1.40) 
C42 W42 (0.65,0.90,1) U42 (0.25, 0.68, 1.57) 
C51 W51 (0.65,0.90,1) U51 (0.29, 0.73, 1.52) 
C52 W52 (0.50,0.75,1) U52 (0.27, 0.75, 1.66) 
 
 
 
Table 3.51: Aggregated weight and computed appropriateness rating of agile capabilities 
 
1st level indices (capabilities) iC  iw  Aggregated weight iU  Computed rating 
C1 W1 (0.65, 0.9,1) U1 (0.14, 0.67, 2.69) 
C2 W2 (0.55, 0.8,1) U2 (0.15, 0.67, 2.49) 
C3 W3 (0.55, 0.8,1) U3 (0.12, 0.65, 2.77) 
C4 W4 (0.55, 0.8,1) U4 (0.15, 0.66, 2.37) 
C5 W5 (0.6, 0.85,1) U5 (0.16, 0.74, 2.77) 
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Table 3.53: Appropriateness rating (linguistic judgment) against agile 2nd level attributes as given by the decision-makers (DMs) 
 
2
nd
 level 
attributes 
Appropriateness rating (linguistic judgment) against agile 2
nd
 level attributes as given by the decision-makers (DMs) 
DM1 DM2 DM3 DM4 DM5 DM6 DM7 DM8 DM9 DM10 DM11 DM12 DM13 DM14 DM15 DM16 DM17 DM18 DM19 DM20 
C11 M L L VL L VL M L L VL M L M VL M M L VL VL VL 
C12 M L L VL L VL M L L VL M H M VL M M VL VL M H 
C13 M H M M M L M H H VL M VH M M M M H L H VH 
C21 M M M M L VL M M M L M M L M L M H L H M 
C22 H H M H M M M H M L M H L H H M M L M M 
C23 H H VH H M L H H H L H VH M H H M H M VH VH 
C31 H H H M L L M H M M VH VH L M M M H M H VH 
C32 H VH VH VH M M M VH H H VH VH M VH VH H H H H VH 
C33 H H H H M L H H H H H H L H H H H M M H 
C41 H M VH H L L M H M M H M L H H M H L H M 
C42 L L  L L L L L M L M H M L M L M L L M M 
C51 M M L H L M M L L M H H M M M M H L M M 
C52 M M L L L M M L L M H H M L M M L L M M 
 
 
 
 
 
Table 3.54: Aggregated fuzzy weight and appropriateness rating against each 2nd level agile attributes  
 
2nd level indices (attributes) ijC  ijw  Aggregated fuzzy weight ijU  Aggregated fuzzy rating 
C11 w11 (0.60,0.85,1) U11 (0.0750,0.2375,0.4875) 
C12 w12 (0.50,0.75,1) U12 (0.1375,0.3125,0.5625) 
C13 w13 (0.60,0.85,1) U13 (0.3250,0.5625,0.7875) 
C21 w21 (0.50,0.75,1) U21 (0.2000,0.4375,0.6875) 
C22 w22 (0.65,0.90,1) U22 (0.3000,0.5500,0.8000) 
C23 w23 (0.65,0.90,1) U23 (0.4500,0.7000,0.9000) 
C31 w31 (0.55,0.80,1) U31 (0.3625,0.6125, 0.8250) 
C32 w32 (0.50,0.75,1) U32 (0.5625,0.8125, 0.9500) 
C33 w33 (0.60,0.85,1) U33 (0.4125,0.6625, 0.9125) 
C41 w41 (0.60,0.85,1) U41 (0.3250,0.5750,0.8125) 
C42 w42 (0.65,0.90,1) U42 (0.1125,0.3625, 0.6125) 
C51 w51 (0.65,0.90,1) U51 (0.2375,0.4875, 0.7375) 
C52 w52 (0.50,0.75,1) U52 (0.1750,0.4250,0.6750) 
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Table 3.55: Aggregated fuzzy weight and computed appropriateness rating against each 1st level agile capabilities 
 
1st level agile capabilities, iC  i
w  Aggregated fuzzy weight iU  Computed fuzzy rating 
C1 w1 (0.65, 0.9,1) U1 (0.1029,0.3732,1.0809) 
C2 w2 (0.55, 0.8,1) U2 (0.1958,0.5699, 1.3264) 
C3 w3 (0.55, 0.8,1) U3 (0.2427,0.6927,1.6288) 
C4 w4 (0.55, 0.8,1) U4 (0.1341,0.4657,1.14) 
C5 w5 (0.6, 0.85,1) U5 (0.1209,0.4591,1.2283) 
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CHAPTER 4: Additional Data Tables 
Table 4.3: Weights of agile providers (Grade II) assigned by the DMs using linguistic terms 
 
iC  iw  Subjective Weights 
DM1 DM 2 DM 3 DM 4 
1C  1w  AH VH VH H 
2C  2w  MH MH H VH 
3C  3w  VH VH H AH 
4C  4w  AH H AH H 
5C  5w  VH H H H 
6C  6w  VH AH VH VH 
 
 
 
Table 4.4: Weights of agile attributes (Grade III) assigned by the DMs using linguistic terms 
ijC  ijw  Subjective Weights 
DM1 DM 2 DM 3 DM 4 
11C  11w  VH H H H 
12C  12w  M MH H VH 
21C  21w  AH AH VH AH 
22C  22w  VH VH AH AH 
23C  23w  MH M M H 
24C  24w  H VH VH H 
31C  31w  MH MH MH VH 
32C  32w  H H VH VH 
41C  41w  AH VH AH VH 
42C  42w  H H H VH 
51C  51w  AH H H AH 
52C  52w  H H VH VH 
61C  61w  VH VH VH H 
62C  62w  AH AH H VH 
63C  63w  H VH VH H 
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Table 4.5: Ratings of agile attributes (Grade III) assigned by the DMs using linguistic terms 
 
iU  ijU  Subjective Ratings   
DM1 DM 2 DM 3 DM 4 
1U  11U  VG G G MP 
12U  MG MG G M 
2U  21U  G AG G M 
22U  M M M G 
23U  AG VG VG VG 
24U  MG AG G MG 
3U  31U  AG AG VG G 
32U  G MG VG G 
4U  41U  G G AG M 
42U  G VG G MP 
5U  51U  AG VG G G 
52U  MG MG M G 
6U  61U  AG G VG VG 
62U  G G VG M 
63U  G MG G MG 
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Table 4.6: Aggregated fuzzy rating and priority weights for agile attributes (Grade III) 
 
ijC  ijU  ijw  
11C  (0.63,0.69,0.80,0.84; 0.8) (0.77,0.83,0.94,0.98; 0.8) 
12C  (0.55,0.61,0.77,0.83; 0.8) (0.64,0.70,0.82,0.87; 0.8) 
21C  (0.69,0.74,0.85,0.89; 0.8) (0.98,0.99,1.00,1.00; 0.8) 
22C  (0.42,0.50,0.66,0.73; 0.8) (0.96,0.99,1.00,1.00; 0.8) 
23C  (0.95,0.98,1.00,1.00; 0.8) (0.48,0.56,0.72,0.78; 0.8) 
24C  (0.72,0.76,0.88,0.92; 0.8) (0.82,0.88,0.96,0.98; 0.8) 
31C  (0.91,0.94,0.98,0.99; 0.8) (0.67,0.72,0.85,0.89; 0.8) 
32C  (0.74,0.79,0.91,0.95; 0.8) (0.82,0.88,0.96,0.98; 0.8) 
41C  (0.69,0.74,0.85,0.89; 0.8) (0.96,0.99,1.00,1.00; 0.8) 
42C  (0.63,0.69,0.80,0.84; 0.8) (0.77,0.83,0.94,0.98; 0.8) 
51C  (0.84,0.88,0.96,0.98; 0.8) (0.86,0.89,0.96,0.98; 0.8) 
52C  (0.55,0.61,0.77,0.83; 0.8) (0.82,0.88,0.96,0.98; 0.8) 
61C  (0.89,0.93,0.98,0.99; 0.8) (0.88,0.93,0.98,0.99; 0.8) 
62C  (0.67,0.74,0.85,0.90; 0.8) (0.91,0.94,0.98,0.99; 0.8) 
63C  (0.65,0.70,0.86,0.91; 0.8) (0.82,0.88,0.96,0.98; 0.8) 
  
Table 4.7: Computed fuzzy rating and aggregated fuzzy priority weights for agile providers  
(Grade II) 
 
iC  iU  iw  
1C  (0.59,0.65,0.78,0.83; 0.8) (0.89,0.93,0.98,0.99; 0.8) 
2C  (0.65,0.71,0.83,0.87; 0.8) (0.70,0.75,0.88,0.92; 0.8) 
3C  (0.81,0.86,0.94,0.96; 0.8) (0.89,0.93,0.98,0.99; 0.8) 
4C  (0.66,0.72,0.82,0.81; 0.8) (0.86,0.89,0.96,0.98; 0.8) 
5C  (0.70,0.74,0.86,0.90; 0.8) (0.77,0.83,0.94,0.98; 0.8) 
6C  (0.74,0.79,0.89,0.93; 0.8) (0.95,0.98,1.00,1.00; 0.8) 
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Case Study 1 
Table 4.29: Membership functions for linguistic rating set S (β=0.5) 
Linguistic Values Fuzzy numbers 
Very Good (VG) (7,8.5,10) 
Good (G) (5,7.5,10) 
Fair (F) (3,5,7) 
Poor (P) (0,2.5,5) 
Very Poor (VP) (0,1.5,3) 
 
Table 4.30: Membership functions for linguistic weighting set W (β=0.5) 
Linguistic Values Fuzzy numbers 
Very High (VH) (0.7,0.85,1) 
High (H) (0.5,0.75,1) 
Medium (M) (0.3,0.5,0.7) 
Low (L) (0,0.25,0.5) 
Very Low (VL) (0,0.15,0.3) 
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Table 4.31: Criteria ratings assigned by experts (Level 3 indices) 
 
Sl. No. Level 1 index Level 2 index Level 3 index DM1 DM2 DM3 DM4 
1. I1 I11 I111 P VG VP P 
   I112 P F P F 
   I113 F P F F 
   I114 F VP P P 
   I115 G VG VG G 
   I116 F P VG F 
   I117 G VG G G 
  I12 I121 VG VG G VG 
   I122 F G G G 
   I123 G P F F 
   I124 G F G G 
  I13 I131 P VG G F 
   I132 G VG VG G 
   I133 P VP F P 
   I134 G F G F 
   I135 G F F P 
2. I2 I21 I211 VP G G F 
   I212 VP F P VP 
   I213 P P F F 
   I214 P P VG VP 
   I215 F VP G F 
   I216 P G F G 
   I217 G F VG F 
   I218 F F G F 
   I219 VP VP P P 
  I22 I221 G VG VG VG 
   I222 G F G F 
   I223 P G F F 
  I23 I231 F G G P 
   I232 P VP P F 
   I233 F G G P 
3. I3 I31 I311 F G G F 
   I312 P F P F 
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   I313 G G F P 
   I314 G F G F 
   I315 VG G G VG 
  I32 I321 G P VP F 
   I322 P F F P 
   I323 G G G F 
   I324 G G F G 
   I325 G VG G F 
  I33 I331 G G VG VG 
   I332 P VP P VP 
   I333 VP P VP VP 
   I334 F P F F 
4. I4 I41 I411 G F F F 
   I412 G F G F 
   I413 VG VG VG G 
   I414 G G G VG 
  I42 I421 F G F G 
   I422 P F P F 
   I423 G G G G 
   I424 VG G VG VG 
   I425 G VG G G 
   I426 G VG VG VG 
5. I5 I51 I511 G VG G VG 
   I512 F G VG VG 
   I513 P F F P 
   I514 F VG G G 
   I515 F F F F 
   I516 G G G VG 
   I517 VG VG VG F 
   I518 G G G VG 
  I52 I521 G VG G VG 
   I522 VG G G VG 
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Table 4.32: Criteria weights as suggested by experts (for Level 3 Index) 
Sl.  No. 
Level 1 
index 
Level 2 
index 
Level 3 
index 
DM1 DM2 DM3 DM4 Avg (Wij) 
1. I1 I11 I111 M M H M [.3500,.5625,.7750] 
   I112 VH M M M [.4000,.5875,.7750] 
   I113 H VH H H [.5500,.7750,1.0000] 
   I114 H M M VH [.4500,.6500,.8500] 
   I115 M H VH M [.4500,.6500,.8500] 
   I116 M M H M [.3500,.5625,.7750] 
   I117 H H VH VH [.6000,.8000,1.0000] 
  I12 I121 H VH H VH [.6000,.8000,1.0000] 
   I122 M VH M H [.4500,.6500,.8500] 
   I123 M M H VH [.4500,.6500,.8500] 
   I124 H VH VH H [.6000,.8000,1.0000] 
  I13 I131 H H VH H [.5500,.7750,1.0000] 
   I132 M M H VH [.4500,.6500,.8500] 
   I133 M M H M [.3500,.5625,.7750] 
   I134 VH H VH H [.6000,.8000,1.0000] 
   I135 M M H H [.4000,.6250,.8500] 
2. I2 I21 I211 M H VH H [.5000,.7125,.9250] 
   I212 H M M H [.4000,.6250,.8500] 
   I213 VH H VH M [.5500,.7375,.9250] 
   I214 M M H H [.4000,.6250,.8500] 
   I215 H M VH VH [.5500,.7375,.9250] 
   I216 VH VH H H [.6000,.8000,1.0000] 
   I217 H H H M [.4500,.6875,.9250] 
   I218 M H VH H [.5000,.7125,..9250] 
   I219 H VH H VH [.6000,.8000,1.0000] 
  I22 I221 M H VH VH [.5500,.7375,.9250] 
   I222 H VH H H [0.5500,0.7750,1.0000]  
   I223 H H M H [.4500,.6875,.9250] 
  I23 I231 M H H H [.4500,.6875,.9250] 
   I232 H M H M [.4000,.6250,.8500] 
   I233 H H VH H [0.5500,0.7750,1.0000] 
3. I3 I31 I311 H M H M [.4000,.6250,.8500] 
   I312 H M H M [.4000,.6250,.8500] 
   I313 M H VH H [0.5000,0.7125,0.9250] 
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   I314 M M H VH [.4500,.6500,.8500] 
   I315 H VH H H [2.1250,2.6875,3.2500] 
  I32 I321 M H H H [.4500,.6875,.9250] 
   I322 M M VH H [.4500,.6500,.8500] 
   I323 H H VH VH [.6000,.8000,1.0000] 
   I324 M H H H [.4500,.6875,.9250] 
   I325 H M H H [.4500,.6875,.9250] 
  I33 I331 M H H VH [.5000,.7125,.9250] 
   I332 M VH VH M [.5000,.6750,.8500] 
   I333 H H M H [.4500,.6875,.9250] 
   I334 H H H M [.4500,.6875,.9250] 
4. I4 I41 I411 M H H H [.4500,.6875,.9250] 
   I412 M H VH H [.5000,.7125,.9250] 
   I413 H VH H VH [.6000,.8000,1.0000] 
   I414 H H VH H [.5500,.7750,1.0000] 
  I42 I421 H M H H [.4500,.6875,.9250] 
   I422 M H H VH [.5000,.7125,.9250] 
   I423 H M VH VH [.5500,.7375,.9250] 
   I424 VH H H H [.5500,.7750,1.0000] 
   I425 H H VH H [.5500,.7750,.1.0000] 
   I426 H M H H [.4500,.6875,.9250] 
5. I5 I51 I511 H H H H [.5000,.7500,1.0000] 
   I512 VH H VH H [.6000,.8000,1.0000] 
   I513 H VH H M [.5000,.7125,.9250] 
   I514 VH H VH VH [.6500,.8250,1.0000] 
   I515 M H H H [.4500,.6875,.9250] 
   I516 H VH H VH [.6000,.8000,1.0000] 
   I517 VH H VH H [.6000,.8000,1.0000] 
   I518 VH H H H [.5500,.7750,1.0000] 
  I52 I521 H M H VH [.4500,.6875,.9250] 
   I522 H VH H VH [.6000,.8000,1.0000] 
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Table 4.33: Attribute weights suggested by experts (for Level 2 Index) 
Sl. No. 
Level 1 
index 
Level 2 
index 
Level 3 
index 
DM1 DM2 DM3 DM4 Avg (Wi) 
1. I1 I11 I111 H  VH  H  VH  [0.6000,0.8000,1.0000] 
   I112      
   I113      
   I114      
   I115      
   I116      
   I117      
  I12 I121 VH  H  VH  VH  [0.6500, 0.8250 ,1.0000] 
   I122      
   I123      
   I124      
  I13 I131  M  M  H  H  [0.4000,0.6250,0.8500] 
   I132      
   I133      
   I134      
   I135      
2. I2 I21 I211 H  H  H  VH  [0.5500,0.7750,1.0000] 
   I212      
   I213      
   I214      
   I215      
   I216      
   I217      
   I218      
   I219      
  I22 I221 VH  VH  H  H  [0.6000, 0.8000,1.0000] 
   I222      
   I223      
  I23 I231 M  M  H  M  [0.3500,0.5625,0.7750] 
   I232      
   I233      
3. I3 I31 I311 M  M  M  H  [0.3500,0.5625,0.7750] 
   I312      
   I313      
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   I314      
   I315      
  I32 I321 H  H  VH   H  [0.5500,0.7750,1.0000] 
   I322      
   I323      
   I324      
   I325      
  I33 I331 H  M  H  VH  [0.5000,0.7125,0.9250] 
   I332      
   I333      
   I334      
4. I4 I41 I411 M  H  H  M  [0.4000,0.6250,0.8500] 
   I412      
   I413      
   I414      
  I42 I421 H  H  H  M  [0.4500,0.6875,0.9250] 
   I422      
   I423      
   I424      
   I425      
   I426      
5. I5 I51 I511 VH  H  VH  H  [0.6000,0.8000,1.0000] 
   I512      
   I513      
   I514      
   I515      
   I516      
   I517      
   I518      
  I52 I521 H  H  H  VH  [0.5500, 0.7750,1.0000] 
   I522      
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Table 4.34: Weights of agile capabilities as suggested by experts (Level 1 Index) 
Sl. No. 
Level 1 
index 
Level 2 
index 
Level 3 
index 
DM1 DM2 DM3 DM4 Avg (W) 
1. I1 I11 I111 VH  H  H  VH  [0.6000, 0.8000, 1.0000] 
   I112      
   I113      
   I114      
   I115      
   I116      
   I117      
  I12 I121      
   I122      
   I123      
   I124      
  I13 I131      
   I132      
   I133      
   I134      
   I135      
2. I2 I21 I211 H  VH  H  H  [0.5500,0.7750,1.0000] 
   I212      
   I213      
   I214      
   I215      
   I216      
   I217      
   I218      
   I219      
  I22 I221      
   I222      
   I223      
  I23 I231      
   I232      
   I233      
3. I3 I31 I311 VH  
 
VH  H  H  [0.6000,0.8000,1.0000] 
   I312      
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   I313      
   I314      
   I315      
  I32 I321      
   I322      
   I323      
   I324      
   I325      
  I33 I331      
   I332      
   I333      
   I334      
4. I4 I41 I411 H  VH  H  VH  [0.6000,0.8000,1.0000] 
   I412      
   I413      
   I414      
  I42 I421      
   I422      
   I423      
   I424      
   I425      
   I426      
5. I5 I51 I511 H  VH  VH  VH  [0.6500,0.8250,1.0000] 
   I512      
   I513      
   I514      
   I515      
   I516      
   I517      
   I518      
  I52 I521      
   I522      
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Table 4.35: Ranking value for four set of decision-makers (β=0.5169) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
)F(U iT  Ranking value 
UT(F1) 
0.3922
 
UT(F2) 
0.4042
 
UT(F3) 
0.4179
 
UT(F4) 
0.3878
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Case Study 2 
Table 4.36: Membership functions for linguistic rating set S (β=0.2) 
Linguistic Values Fuzzy numbers 
Very Good (VG) (7,7.6,10) 
Good (G) (5,6,10) 
Fair (F) (3,3.8,7) 
Poor (P) (0,1,5) 
Very Poor (VP) (0,.6,3) 
 
Table 4.37: Membership functions for linguistic weighting set W (β=0.2) 
Linguistic Values Fuzzy numbers 
Very High (VH) (.7,.76,1) 
High (H) (.5,.6,1) 
Medium (M) (.3,.38,.7) 
Low (L) (0,.1,.5) 
Very Low (VL) (0,.06,.3) 
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Table 4.38: Criteria rating assigned by experts (for Level 3 Index) 
Sl. No. Level 1 index Level 2 index Level 3 index DM1 DM2 DM3 DM4 
1. I1 I11 I111 VP  VP  P  P  
   I112 P  F  P  F  
   I113 F  F  G  F  
   I114 F  P  G  P  
   I115 P  VG  VG  G  
   I116 F  F  VG  F  
   I117 F  VG  VG  G  
  I12 I121 G  VG  G  VG  
   I122 F  G  G G  
   I123 F  F  G  F  
   I124 G  F  G  G  
  I13 I131 P  F  G  F  
   I132 F  VG  VG  G  
   I133 P  P  G  F  
   I134 F  F  VG  F  
   I135 G  G  F  P  
2. I2 I21 I211 F  VG  G  F  
   I212 P  F  P  VP  
   I213 F  F  F  F  
   I214 P  P  F  VP  
   I215 G  G  G  F  
   I216 F  VG  F  G  
   I217 F  VG  G  F  
   I218 F  F  VP  F  
   I219 P  G F  P  
  I22 I221 G  VG  VG  VG  
   I222 F  F  G  F  
   I223 P  G  G  F  
  I23 I231 F  VG  G  F  
   I232 P  G  P  F  
   I233 F  VG  G  F  
3. I3 I31 I311 F  VG  G  F  
   I312 P  G  P  F  
   I313 G  G  F  P  
   I314 F  VG  F  F  
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   I315 VG  VG  G  G  
  I32 I321 G  G  VP  F  
   I322 P  G  F  F  
   I323 G  G  G  F  
   I324 F  VG  G  G  
   I325 G  VG  G  F  
  I33 I331 G  VG  VG  VG  
   I332 VP  F  F  P  
   I333 P  F  P  F  
   I334 P  G  G  F  
4. I4 I41 I411 G  VG G  F  
   I412 F  G  G  G  
   I413 F  VG VG  G  
   I414 G  VG  G  VG  
  I42 I421 F  VG  VG  G  
   I422 P  G G  F  
   I423 F  G  VG  G  
   I424 G  VG VG  F  
   I425 G  VG  G  G  
   I426 F  VG  VG  VG  
5. I5 I51 I511 G  VG  G  VG  
   I512 F  G  VG  VG  
   I513 P  G  VG  P  
   I514 F  VG  G  VG  
   I515 P  VG  VG  F  
   I516 F  G  G  VG  
   I517 G  VG  VG  F  
   I518 F  G  G  P  
  I52 I521 F  VG  VG  F  
   I522 F  VG 7 VG  F  
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Table 4.39: Criteria weights as suggested by experts (for Level 3 Index) 
Sl. 
No. 
Level 1 
index 
Level 2 
index 
Level 3 
index 
DM1 DM2 DM3 DM4 Avg (Wij) 
1. I1 I11 I111 M  H  H  M  [0.4000, 0.4900,0.8500] 
   I112 VH  M  M  M  [0.4000,0.4750,0.7750] 
   I113 H   VH  H  H  [0.5500,0.6400,1.0000] 
   I114 H  M  M  VH  [0.4500,0.5300,0.8500] 
   I115 M  H  VH  H  [0.5000,0.5850,0.9250] 
   I116 M    VH  H   M  [0.4500,0.5300,0.8500] 
   I117 H   H  VH  VH  [0.6000,0.6800,1.0000] 
  I12 I121 H  VH  H  VH  [0.6000,0.6800,1.0000] 
   I122 M  VH  M  H  [0.4500,0.5300,0.8500] 
   I123 M  M  H  VH   [0.4500,0.5300,0.8500] 
   I124 M  VH  VH  H  [0.5500,0.6250,0.9250] 
  I13 I131 H  H  VH  H  [0.5500,0.6400,1.0000] 
   I132 M  H  H  VH  [0.5000,0.5850,0.9250] 
   I133 M  M  VH  M  [0.4000,0.4750,0.7750] 
   I134 VH  H  VH  M  [0.5500,0.6250,0.9250] 
   I135 M  M  H  H  [0.4000,0.4900,0.8500] 
2. I2 I21 I211 M  H  VH  H  [0.5000,0.5850,0.9250] 
   I212 H  M  M  H  [0.4000,0.4900,0.8500] 
   I213 VH  H  VH  M  [0.5500,0.6250,0.9250] 
   I214 M  H  H  H  [0.4500,0.5450,0.9250] 
   I215 H  M  VH  VH  [0.5500,0.6250,0.9250] 
   I216 VH  VH  VH  H  [0.6500,0.7200,1.0000] 
   I217 H  VH  H  VH  [0.6000,0.6800,1.0000] 
   I218 M  H  VH  H  [0.5000,0.5850,0.9250] 
   I219 H  VH  H  H  [0.5500,0.6400,1.0000] 
  I22 I221 M  H  VH  VH  [0.5500,0.6250,0.9250] 
   I222 H  VH  H  H  [0.5500,0.6400,1.0000] 
   I223 H  VH  M  H  [0.5000,0.5850,0.9250] 
  I23 I231 M  H  H  H  [0.4500,0.5450,0.9250] 
   I232 H  M  VH  M  [0.4500,0.5300,0.8500] 
   I233 H  H  VH  H  [0.5500, 0.6400,1.0000] 
3. I3 I31 I311 H  M  H  M  [0.4000,0.4900,0.8500] 
   I312 H  M  H  M  [0.4000,0.4900,0.8500] 
   I313 M  H  VH  H  [0.5000,0.5850,0.9250] 
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   I314 M  M  H  VH  [0.4500,0.5300,0.8500] 
   I315 H  VH  H  H  [0.5500,0.6400,1.0000] 
  I32 I321 M  H  H  H  [0.4500,0.5450,0.9250] 
   I322 M  M  VH  H  [0.4500 ,0.5300,0.8500] 
   I323 H  H  VH  VH  [0.6000,0.6800,1.0000] 
   I324 M  H  H  H  [0.4500,0.5450,0.9250] 
   I325 H  H  H  H  [0.5000,0.6000,1.0000] 
  I33 I331 M  H  H  VH  [0.5000,0.5850,0.9250] 
   I332 M  VH  VH  M  [0.5000,0.5700,0.8500] 
   I333 H  H  M  H  [0.4500, 0.5450,0.9250] 
   I334 H  H  H  M  [0.4500,0.5450,0.9250] 
4. I4 I41 I411 M  H  H  H  [0.4500,0.5450,0.9250] 
   I412 M  H  VH  H  [0.5000,0.5850,0.9250] 
   I413 H  VH  H  VH  [0.6000, 0.6800,1.0000] 
   I414 H  H  VH  VH  [0.6000 ,0.6800,1.0000] 
  I42 I421 H M  H  H  [0.4500,0.5450,0.9250] 
   I422 M  H  H  VH  [0.5000,0.5850,0.9250] 
   I423 H  M  VH  VH  [0.5500,0.6250,0.9250] 
   I424 VH  H  H  H  [0.5500, 0.6400,1.0000] 
   I425 H  H  VH  H  [0.5500,0.6400,1.0000] 
   I426 H  M  H  H  [0.4500,0.5450,0.9250] 
5. I5 I51 I511 H  H  H  H  [0.5000,0.6000,1.0000] 
   I512 H  H  VH  H  [0.5500,0.6400,1.0000] 
   I513 H  VH  H  M  [0.5000,0.5850,0.9250] 
   I514 VH  VH  VH  VH  [0.7000,0.7600,1.0000] 
   I515 M  H  VH  H  [0.5000,0.5850,0.9250] 
   I516 VH  VH  H  VH  [0.6500,0.7200,1.0000] 
   I517 VH  VH  VH  H  [0.6500,0.7200,1.0000] 
   I518 VH  VH  VH   H  [0.6500,0.7200,1.0000] 
  I52 I521 M  VH  H   H  [0.5000,0.5850,0.9250] 
   I522 M VH  H  VH  [0.5500,0.6250,0.9250] 
 
 
 
- 54 - 
 
Table 4.40: Attribute weights as suggested by experts (for Level 2 Index) 
 
Sl. 
No. 
Level 
1 
index 
Level  
2  
index 
Level  
3  
index 
DM1 DM2 DM3 DM4   Avg (Wi) 
1. I1 I11 I111 H  VH  VH  VH  [0.6500,0.7200,1.0000] 
   I112      
   I113      
   I114      
   I115      
   I116      
   I117      
  I12 I121 VH  H  VH  VH  [0.6500,0.7200,1.0000] 
   I122      
   I123      
   I124      
  I13 I131 M  M  H  H  [0.4000,0.4900,0.8500] 
   I132      
   I133      
   I134      
   I135      
2. I2 I21 I211 H  VH  H  VH  [0.6000,0.6800,1.0000] 
   I212      
   I213      
   I214      
   I215      
   I216      
   I217      
   I218      
   I219      
  I22 I221 VH  VH  H  H  [0.6000,0.6800,1.0000] 
   I222      
   I223      
  I23 I231 M  H  VH  M  [0.4500,0.5300,0.8500] 
   I232      
   I233      
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3. I3 I31 I311 M  VH  M  H  [0.4500,0.5300,0.8500] 
   I312      
   I313      
   I314      
   I315      
  I32 I321 M  H  VH  H  [0.5000,0.5850,0.9250] 
   I322      
   I323      
   I324      
   I325      
  I33 I331 H  VH  H  VH  [0.6000,0.6800,1.0000] 
   I332      
   I333      
   I334      
4. I4 I41 I411 M  H  H  H  [0.4500,0.5450,0.9250] 
   I412      
   I413      
   I414      
  I42 I421 H  H  H  M  [0.4500,0.5450,0.9250] 
   I422      
   I423      
   I424      
   I425      
   I426      
5. I5 I51 I511 VH  H  VH  H  [0.6000,0.6800,1.0000] 
   I512      
   I513      
   I514      
   I515      
   I516      
   I517      
   I518      
  I52 I521 H  H  H  VH  [0.5500,0.6400,1.0000] 
   I522      
 
 
- 56 - 
 
Table 4.41: Weights of agile capabilities as suggested by experts (Level 1 Index) 
 
Sl. 
No. 
Level 
1 
index 
Level  
2  
index 
Level 
3  
index 
DM1 DM2 DM3 DM4 Avg (W) 
1. I1 I11 I111 H  VH  H  VH  [0.6000,0.6800,1.0000] 
   I112      
   I113      
   I114      
   I115      
   I116      
   I117      
  I12 I121      
   I122      
   I123      
   I124      
  I13 I131      
   I132      
   I133      
   I134      
   I135      
2. I2 I21 I211 H  VH  H  H  [0.5500,0.6400,1.0000] 
   I212      
   I213      
   I214      
   I215      
   I216      
   I217      
   I218      
   I219      
  I22 I221      
   I222      
   I223      
  I23 I231      
   I232      
   I233      
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3. I3 I31 I311 VH  VH  VH  H    [0.6500,0.7200,1.0000] 
   I312      
   I313      
   I314      
   I315      
  I32 I321      
   I322      
   I323      
   I324      
   I325      
  I33 I331      
   I332      
   I333      
   I334      
4. I4 I41 I411 H  H  VH  VH  [0.6000,0.6800,1.0000] 
   I412      
   I413      
   I414      
  I42 I421      
   I422      
   I423      
   I424      
   I425      
   I426      
5. I5 I51 I511 H  H  VH  VH  [0.6000,0.6800,1.0000] 
   I512      
   I513      
   I514      
   I515      
   I516      
   I517      
   I518      
  I52 I521      
   I522      
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Table 4.42: Ranking value for decision makers (β=
 
0.2068) 
                                                        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
)F(U iT  Ranking value 
UT(F1) 
0.1394
 
UT(F2) 
0.2120
 
UT(F3) 
0.2011
 
UT(F4) 
0.1622
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Case Study 3 
Table 4.43: Membership functions for linguistic rating set S (β=0.9) 
Linguistic Values Fuzzy numbers 
Very Good (VG) (7,9.7,10) 
Good (G) (5,9.5,10) 
Fair (F) (3,6.6,7) 
Poor (P) (0,4.5,5) 
Very Poor (VP) (0,.2.7,3) 
 
Table 4.44: Membership functions for linguistic Weighting set W (β=0.9) 
Linguistic Values Fuzzy numbers 
Very High (VH) (.7,.97,1) 
High (H) (.5,.95,1) 
Medium (M) (.3,.66,.7) 
Low (L) (0,.45,.5) 
Very Low (VL) (0,.27,.3) 
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Table 4.45: Criteria rating assigned by experts (for Level 3 index) 
 
Sl. No. Level 1 index Level 2 index Level 3 index DM1 DM2 DM3 DM4 
1. I1 I11 I111 F P VP P 
   I112 F F P F 
   I113 F P F G 
   I114 G F F F 
   I115 G VG G G 
   I116 F G F G 
   I117 G VG G G 
  I12 I121 VG VG G VG 
   I122 F G F G 
   I123 G G F G 
   I124 VG F F VG 
  I13 I131 G F F G 
   I132 VG G G G 
   I133 F    VP  F    F 
   I134 G F F G 
   I135 G  F    F    G 
2. I2 I21 I211 VG G F F 
   I212 F F P VP  
   I213 F F P G 
   I214 P P F P 
   I215 G F F F 
   I216 F G F G 
   I217 G G F G 
   I218 F F P F 
   I219 F VP P P 
  I22 I221 VG VG G VG 
   I222 G F F F 
   I223 P F P F 
  I23 I231 F G G F 
   I232 P VP  P F 
   I233 G G G G 
3. I3 I31 I311 G G F G 
   I312 P F P F 
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   I313 F G F P 
   I314 G F G F 
   I315 VG G F G 
  I32 I321 F P VP F 
   I322 P F F P 
   I323 G F G F 
   I324 G G F G 
   I325 G VG G F 
  I33 I331 G G VG VG 
   I332 P P P VP 
   I333 VP P VP VP 
   I334 F P F F 
4. I4 I41 I411 G F F F 
   I412 G F G F 
   I413 VG VG VG G 
   I414 G VG G VG 
  I42 I421 F G F F 
   I422 P F P F 
   I423 G G G G 
   I424 VG G VG VG 
   I425 G VG G VG 
   I426 G  F G F 
5. I5 I51 I511 VG G VG VG 
   I512 F G G G 
   I513 P F P F 
   I514 G VG G G 
   I515 F P F F 
   I516 G VG G VG 
   I517 VG VG VG G 
   I518 G G G VG 
  I52 I521 VG G VG G 
   I522 VG G VG VG 
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Table 4.46: Criteria weights as suggested by experts (for Level 3 Index) 
 
Sl. No. 
Level 1 
index 
Level 2 
index 
Level 3 
index 
DM1 DM2 DM3 DM4 Avg (Wij) 
1. I1 I11 I111 H   H H M [0.4500, 0.8775,    0.9250] 
   I112 VH M M M [0.4000,    0.7375,    0.7750] 
   I113 H VH H H [0.5500,    0.9550,    1.0000] 
   I114 H M M VH [0.4500,    0.8100,    0.8500] 
   I115 M H VH H [0.5000,    0.8825,    0.9250] 
   I116 M VH H M [0.4500 ,   0.8100,    0.8500] 
   I117 H H VH VH [0.6000,    0.9600,    1.0000] 
  I12 I121 H VH H VH [0.6000,    0.9600,    1.0000] 
   I122 VH VH M H [0.5500 ,   0.8875,    0.9250] 
   I123 M M H VH [0.4500 ,   0.8100,    0.8500] 
   I124 H VH VH H [0.6000,    0.9600,    1.0000] 
  I13 I131 VH H VH H [0.6000,    0.9600,    1.0000] 
   I132 M H H VH [0.5000,    0.8825,    0.9250] 
   I133 M M H M [0.3500,    0.7325,    0.7750] 
   I134 VH H VH H [0.6000,    0.9600,    1.0000] 
   I135 M M H H [0.4000,    0.8050,    0.8500] 
2. I2 I21 I211 VH H H VH [0.6000,    0.9600,    1.0000] 
   I212 H M M H [0.4000,    0.8050,    0.8500] 
   I213 VH H VH M [0.5500,    0.8875,    0.9250] 
   I214 H M H H [0.4500,    0.8775,    0.9250] 
   I215 H M VH VH [0.5500,    0.8875,    0.9250] 
   I216 VH VH H H [0.6000,    0.9600 ,   1.0000] 
   I217 H H H VH [0.5500,    0.9550 ,   1.0000] 
   I218 M H VH H [0.5000,    0.8825 ,   0.9250] 
   I219 H VH H VH [0.6000,    0.9600,    1.0000] 
  I22 I221 VH H VH VH [0.6500,    0.9650,    1.0000] 
   I222 H VH H H [0.5500,    0.9550,    1.0000] 
   I223 VH H M H [0.5000,    0.8825,    0.9250] 
  I23 I231 M H M H [0.4000,    0.8050,    0.8500] 
   I232 H M H M [0.4000 ,   0.8050,    0.8500] 
   I233 H H VH H [0.5500 ,   0.9550,    1.0000] 
3. I3 I31 I311 H M H M [0.4000,    0.8050,    0.8500] 
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   I312 H M H M [0.4000,    0.8050,    0.8500] 
   I313 VH H VH H [0.6000,    0.9600,    1.0000] 
   I314 M M M VH [0.4000,    0.7375,    0.7750] 
   I315 H VH H H [0.5500,    0.9550,    1.0000] 
  I32 I321 M H H H [0.4500,    0.8775,    0.9250] 
   I322 M M VH H [0.4500,    0.8100,    0.8500] 
   I323 H H VH VH [0.6000,    0.9600,    1.0000] 
   I324 M H H H [0.6000,    0.9600,    1.0000] 
   I325 H M H H [0.4500,    0.8775,    0.9250] 
  I33 I331 M H H VH [0.5000,    0.8825,    0.9250] 
   I332 M VH VH M [0.5000,    0.8150,    0.8500] 
   I333 H H M H [0.4500,    0.8775,    0.9250] 
   I334 H H H M [0.4500,    0.8775 ,   0.9250] 
4. I4 I41 I411 M H H H [0.4500,    0.8775,    0.9250] 
   I412 M H VH H [0.5000,    0.8825,    0.9250] 
   I413 H VH H VH [0.6000,    0.9600,    1.0000] 
   I414 H H VH VH [0.6000,    0.9600,    1.0000] 
  I42 I421 H M H H [0.4500,    0.8775,    0.9250] 
   I422 M H H VH [0.5000,    0.8825,    0.9250] 
   I423 H M VH VH [0.5500,    0.8875,    0.9250] 
   I424 VH H H H [0.5500,    0.9550,    1.0000] 
   I425 H H VH H [0.5500,    0.9550,    1.0000] 
   I426 H M H H [0.4500,    0.8775,    0.9250] 
5. I5 I51 I511 M H H H [0.4500,    0.8775,    0.9250] 
   I512 VH H VH H [0.6000,    0.9600,    1.0000] 
   I513 H VH H M [0.5000,    0.8825,    0.9250] 
   I514 M H VH VH [0.5500 ,   0.8875,    0.9250] 
   I515 M M H H [0.4000,    0.8050 ,   0.8500] 
   I516 H VH H VH [0.6000,    0.9600 ,   1.0000] 
   I517 VH  H VH H [0.6000 ,   0.9600 ,   1.0000] 
   I518 VH H VH H [0.6000 ,   0.9600 ,   1.0000] 
  I52 I521 H M H H [0.4500 ,   0.8775 ,   0.9250] 
   I522 H VH H VH [0.6000 ,   0.9600 ,   1.0000] 
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Table 4.47: Attribute weights as suggested by experts (for Level 2 Index) 
 
Sl. No. 
Level 1 
index 
Level 2 
index 
Level 3 
index 
DM1 DM2 DM3 DM4      Avg (Wi) 
1. I1 I11 I111 M H H M [0.4000, 0.8050    0.8500] 
   I112      
   I113      
   I114      
   I115      
   I116      
   I117      
  I12 I121 VH H VH H [0.6000, 0.9600    1.0000] 
   I122      
   I123      
   I124      
  I13 I131 M M H H [0.4000,0.8050    0.8500] 
   I132      
   I133      
   I134      
   I135      
2. I2 I21 I211 H H H VH [0.5500,0.9550, 1.0000] 
   I212      
   I213      
   I214      
   I215      
   I216      
   I217      
   I218      
   I219      
  I22 I221 VH VH H H [0.6000, 0.9600 ,1.0000] 
   I222      
   I223      
  I23 I231 H M H H [0.4500, 0.8775,0.9250] 
   I232      
   I233      
3. I3 I31 I311 M7 H M H [0.4000, 0.8050, 0.8500] 
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   I312      
   I313      
   I314      
   I315      
  I32 I321 H H VH H [0.5500, 0.9550,1.0000] 
   I322      
   I323      
   I324      
   I325      
  I33 I331 H M H M [0.4000, 0.8050, 0.8500] 
   I332      
   I333      
   I334      
4. I4 I41 I411 M H M M [0.3500, 0.7325, 0.7750] 
   I412      
   I413      
   I414      
  I42 I421 H H H M [0.4500, 0.8775, 0.9250] 
   I422      
   I423      
   I424      
   I425      
   I426      
5. I5 I51 I511 VH H VH H [0.6000, 0.9600, 1.0000] 
   I512      
   I513      
   I514      
   I515      
   I516      
   I517      
   I518      
  I52 I521 H H H VH [0.5500, 0.9550,1.0000] 
   I522      
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Table 4.48: Weights of agile capabilities as suggested by experts (for Level 1 Index) 
 
Sl. 
No. 
Level 
1 
index 
Level  
2  
index 
Level  
3  
index 
DM1 DM2 DM3 DM4 Avg (W) 
1. I1 I11 I111 VH H H VH [0.6000, 0.9600,1.0000] 
   I112      
   I113      
   I114      
   I115      
   I116      
   I117      
  I12 I121      
   I122      
   I123      
   I124      
  I13 I131      
   I132      
   I133      
   I134      
   I135      
2. I2 I21 I211 H VH H VH [0.6000 , 0.9600,1.0000] 
   I212      
   I213      
   I214      
   I215      
   I216      
   I217      
   I218      
   I219      
  I22 I221      
   I222      
   I223      
  I23 I231      
   I232      
   I233      
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3. I3 I31 I311 VH H H VH [0.6000, 0.9600,1.0000] 
   I312      
   I313      
   I314      
   I315      
  I32 I321      
   I322      
   I323      
   I324      
   I325      
  I33 I331      
   I332      
   I333      
   I334      
4. I4 I41 I411 H VH VH H [0.6000, 0.9600 ,1.0000] 
   I412      
   I413      
   I414      
  I42 I421      
   I422      
   I423      
   I424      
   I425      
   I426      
5. I5 I51 I511 VH H VH VH [0.6500, 0.9650,1.0000] 
   I512      
   I513      
   I514      
   I515      
   I516      
   I517      
   I518      
  I52 I521      
   I522      
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Table 4.49: Ranking value for decision makers (β=
 
0.9304) 
                                                                    
 
 
 
 
 
 
 
 
 
 
 
 
)F(U iT  Ranking value 
UT(F1) 
0.8178
 
UT(F2) 
0.7888
 
UT(F3) 
0.7468
 
UT(F4) 
0.8008
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CHAPTER 5: Additional Data Tables 
Table 5.3: Priority weights of sub-criteria (3rd Level) assigned by the DMs using linguistic terms 
Ci,j Subjective priority weights given by the DMs 
DM1 DM2 DM3 DM4 DM5 
C1,1 AH AH AH AH VH 
C1,2 H H H VH VH 
C1,3 MH H MH MH H 
C1,4 H H H H H 
C1,5 AH AH AH AH AH 
C1,6 H H VH VH VH 
C1,7 VH VH VH VH VH 
C1,8 H H H MH MH 
C1,9 AH AH VH VH VH 
C1,10 AH AH AH AH AH 
C1,11 H MH MH MH H 
C1,12 VH VH H H H 
C1,13 AH AH AH AH VH 
C1,14 H H H VH VH 
C1,15 MH H MH MH H 
C1,16 H H H H H 
C1,17 AH AH AH AH AH 
C1,18 H H VH VH VH 
C1,19 VH VH VH VH VH 
C1,20 AH AH AH AH AH 
C1,21 H H VH VH VH 
C1,22 VH VH VH VH VH 
C1,23 H H H MH MH 
C1,24 AH AH VH VH VH 
C1,25 AH AH AH AH AH 
C1,26 H MH MH MH H 
C2,1 VH VH AH VH VH 
C2,2 H H H H H 
C2,3 H H H H H 
C2,4 H H H H H 
C2,5 VH VH VH VH VH 
C2,6 VH VH VH VH VH 
C2,7 VH VH VH VH VH 
C2,8 VH VH VH VH VH 
C2,9 AH AH AH AH AH 
C2,10 H H VH VH VH 
C2,11 VH VH VH VH VH 
C2,12 AH AH AH AH AH 
C2,13 H H VH VH VH 
C2,14 VH VH VH VH VH 
C2,15 VH VH VH VH VH 
C2,16 AH AH AH AH VH 
C2,17 H H H H VH 
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C2,18 VH VH VH VH VH 
C2, 19 AH VH VH AH AH 
C2,20 VH H H H VH 
C2,21 AH AH AH AH VH 
C2,22 VH VH VH VH VH 
C3,1 AH VH VH AH AH 
C3,2 VH VH VH VH VH 
C3,3 AH VH VH AH AH 
C3,4 VH H H H VH 
C3,5 AH AH AH AH VH 
C3,6 VH VH VH VH VH 
C3,7 AH AH AH AH VH 
C3,8 AH VH VH AH AH 
C3,9 VH H H H VH 
C3,10 AH VH VH AH AH 
C3,11 VH H H H VH 
C3,12 H H H H H 
C3,13 H H H H H 
C3,14 VH VH VH VH VH 
C4,1 AH AH AH AH AH 
C4,2 AH AH AH AH AH 
C4,3 AH AH AH AH AH 
C4,4 AH AH AH AH AH 
C4,5 AH AH AH AH AH 
C4,6 AH AH AH AH AH 
C4,7 VH H H H VH 
C4,8 AH VH VH AH AH 
C4,9 VH H H H VH 
C4,10 AH AH AH AH VH 
C4,11 VH VH VH VH VH 
C4,12 AH AH AH AH VH 
C4,13 H H H H H 
C4,14 AH VH VH AH AH 
C5,1 VH H H H VH 
C5,2 AH AH AH AH VH 
C5,3 VH VH VH VH VH 
C5,4 AH AH AH AH VH 
C5,5 H H H H VH 
C5,6 VH VH VH VH VH 
C5,7 AH VH VH AH AH 
C5,8 VH H H H VH 
C5,9 AH VH VH AH AH 
C5,10 VH H H H VH 
C5,11 AH AH AH AH VH 
C5,12 VH VH VH VH VH 
C5,13 AH AH AH AH VH 
C5,14 H H H H VH 
C5,16 VH VH VH VH VH 
C5,17 AH VH VH AH AH 
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C5,18 VH H H H VH 
C5,19 AH AH AH AH VH 
C5,20 VH VH VH VH VH 
C6,1 AH VH VH AH AH 
C6,2 VH H H H VH 
C6,3 AH AH AH AH VH 
C6,4 VH VH VH VH VH 
C6,5 AH AH AH AH VH 
C6,6 H H H H VH 
C6,7 AH VH VH AH AH 
C6,8 VH H H H VH 
C6,9 AH AH AH AH VH 
C6,10 VH VH VH VH VH 
C6,11 AH AH AH AH VH 
C6,12 H H H H VH 
C6,13 AH VH VH AH AH 
C7,1 VH H H H VH 
C7,2 AH AH AH AH VH 
C7,3 VH VH VH VH VH 
C7,4 AH AH AH AH VH 
C7,5 AH VH VH AH AH 
C7,6 VH H H H VH 
C7,7 AH AH AH AH VH 
C7,8 VH VH VH VH VH 
 
 
Table 5.4: Priority weights of main criteria (2nd Level) assigned by the DMs using linguistic terms 
Ci Subjective priority weights given by the DMs 
DM1 DM2 DM3 DM4 DM5 
C1 AH VH VH AH AH 
C2 VH H H H VH 
C3 AH AH AH AH VH 
C4 VH VH VH VH VH 
C5 AH AH AH AH VH 
C6 H H H H VH 
C7 VH VH VH VH VH 
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Table 5.5: Rating of sub-criteria (3rd Level) assigned by the DMs using linguistic terms 
Ci Ci,j Subjective rating assigned by the DMs 
DM1 DM2 DM3 DM4 DM5 
C1 C1,1 VG G G AG AG 
C1,2 AG AG AG VG VG 
C1,3 MG MG G G G 
C1,4 VG VG G G VG 
C1,5 G G G VG VG 
C1,6 G G MG MG MG 
C1,7 VG VG G G VG 
C1,8 MG M M M MG 
C1,9 G G G VG G 
C1,10 G G G MG MG 
C1,11 G G G G G 
C1,12 MG M MG MG M 
C1,13 AG AG VG VG VG 
C1,14 G MG G G G 
C1,15 VG VG AG AG VG 
C1,16 G G G G MG 
C1,17 G G VG G MG 
C1,18 VG VG G G VG 
C1,19 VG VG VG AG AG 
C1,20 G G G G MG 
C1,21 MP M M M G 
C1,22 VG VG G G VG 
C1,23 MG M M M MG 
C1,24 G G G VG G 
C1,25 VG G G AG AG 
C1,26 AG AG AG VG VG 
C2 C2,1 VG VG G G VG 
C2,2 VG VG VG AG AG 
C2,3 G G G G MG 
C2,4 VG VG G G G 
C2,5 MG M MG MG M 
C2,6 AG AG VG VG VG 
C2,7 G MG G G G 
C2,8 VG VG AG AG VG 
C2,9 G G G G MG 
C2,10 MG M MG MG M 
C2,11 VG VG G G G 
C2,12 AG AG AG VG VG 
C2,13 MG M MG MG M 
C2,14 AG AG VG VG VG 
C2,15 G MG G G G 
C2,16 VG VG AG AG VG 
C2,17 MP P P MP MP 
C2,18 M M MG MG MG 
C2, 19 G G G G G 
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C2,20 G G G VG VG 
C2,21 G G MG MG G 
C2,22 VG VG VG G G 
C3 C3,1 VG G G AG AG 
C3,2 AG AG AG VG VG 
C3,3 MG MG G G G 
C3,4 VG VG G G VG 
C3,5 G G G VG VG 
C3,6 G G MG MG MG 
C3,7 VG VG G G VG 
C3,8 MG M M M MG 
C3,9 G G G VG G 
C3,10 G G G MG MG 
C3,11 G G G G G 
C3,12 MG M MG MG M 
C3,13 AG AG VG VG VG 
C3,14 G MG G G G 
C4 C4,1 VG VG AG AG VG 
C4,2 G G G G MG 
C4,3 G G VG G MG 
C4,4 VG VG G G VG 
C4,5 VG VG VG AG AG 
C4,6 G G G G MG 
C4,7 VG VG AG AG VG 
C4,8 VG VG G G VG 
C4,9 MG M M M MG 
C4,10 G G G VG G 
C4,11 G G G MG MG 
C4,12 G G G G G 
C4,13 MG M MG MG M 
C4,14 AG AG VG VG VG 
C5 C5,1 VG G G AG AG 
C5,2 AG AG AG VG VG 
C5,3 MG MG G G G 
C5,4 VG VG G G VG 
C5,5 G G G VG VG 
C5,6 MP P P MP MP 
C5,7 M M MG MG MG 
C5,8 G G G G G 
C5,9 G G G VG VG 
C5,10 G G MG MG G 
C5,11 VG VG G G VG 
C5,12 MG M MG MG M 
C5,13 VG VG G G G 
C5,14 AG AG AG VG VG 
C5,16 MG M MG MG M 
C5,17 AG AG VG VG VG 
C5,18 G MG G G G 
C5,19 VG VG AG AG VG 
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C5,20 G G VG VG G 
C6 C6,1 MG MG G G G 
C6,2 MG M MG MG M 
C6,3 G G G VG VG 
C6,4 G G MG MG G 
C6,5 VG VG G G VG 
C6,6 VG VG G G VG 
C6,7 G G G VG VG 
C6,8 AG AG VG VG VG 
C6,9 VG VG G G VG 
C6,10 MG M M M MG 
C6,11 G G G VG G 
C6,12 G G G MG MG 
C6,13 G G G G G 
C7 C7,1 M M MG MG MG 
C7,2 G G G G G 
C7,3 MG MG G G G 
C7,4 VG VG G G VG 
C7,5 VG VG G G VG 
C7,6 MG M M M MG 
C7,7 G G G VG G 
C7,8 G G G MG MG 
 
 
Table 5.6: Aggregated ratings and weights of sub-criteria (3rd Level) in terms of fuzzy numbers 
Criteria Sub-criteria Aggregated rating Aggregated weight 
 
 
 
 
C1 
 
 
 
 
 
 
 
C1,1 (0.75, 0.8125, 0.875, 0.9375) (0.85, 0.9125, 0.975,0.9875) 
C1,2 (0.825, 0.8875, 0.95, 0.975) (0.675, 0.7375, 0.8, 0.8625) 
C1,3 (0.575, 0.6375, 0.700, 0.7625) (0.55, 0.6125, 0.675, 0.7375) 
C1,4 (0.7, 0.7625, 0.825, 0.8875) (0.625, 0.6875, 0.75, 0.8125) 
C1,5 (0.675, 0.7375, 0.800, 0.8625) (0.875, 0.9375, 1, 1) 
C1,6 (0.55, 0.6125, 0.675, 0.7375) (0.7, 0.7625, 0.825, 0.8875) 
C1,7 (0.675, 0.7375, 0.800, 0.8625) (0.75, 0.8125, 0.875, 0.9375) 
C1,8 (0.4625, 0.525, 0.55, 0.6125) (0.575, 0.6375, 0.7, 0.7625) 
C1,9 (0.65, 0.7125, 0.775, 0.8375) (0.8, 0.8625, 0.925, 0.9625) 
C1,10 (0.575, 0.6375, 0.700, 0.7625) (0.875, 0.9375, 1, 1) 
C1,11 (0.625, 0.6875, 0.75, 0.8125) (0.55, 0.6125, 0.675, 0.7375) 
C1,12 (0.475, 0.5375, 0.575, 0.6375) (0.675, 0.7375, 0.8, 0.8625) 
C1,13 (0.800, 0.8625, 0.925, 0.9625) (0.85, 0.9125, 0.975,0.9875) 
C1,14 (0.600, 0.6625, 0.725, 0.7875) (0.675, 0.7375, 0.8, 0.8625) 
C1,15 (0.800, 0.8625, 0.925, 0.9625) (0.55, 0.6125, 0.675, 0.7375) 
C1,16 (0.600, 0.6625, 0.725, 0.7875) (0.625, 0.6875, 0.75, 0.8125) 
C1,17 (0.625, 0.6875, 0.75, 0.8125) (0.875, 0.9375, 1, 1) 
C1,18 (0.7, 0.7625, 0.825, 0.8875) (0.7, 0.7625, 0.825, 0.8875) 
C1,19 (0.8, 0.8625, 0.925, 0.9625) (0.75, 0.8125, 0.875, 0.9375) 
C1,20 (0.6, 0.6625, 0.725, 0.7875) (0.875, 0.9375, 1, 1) 
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C1,21 (0.45, 0.5125, 0.5375, 0.6) (0.7, 0.7625, 0.825, 0.8875) 
C1,22 (0.7, 0.7625, 0.825, 0.8875) (0.75, 0.8125, 0.875, 0.9375) 
C1,23 (0.4625, 0.525, 0.55, 0.6125) (0.575, 0.6375, 0.7, 0.7625) 
C1,24 (0.65, 0.7125, 0.775, 0.8375) (0.8, 0.8625, 0.925, 0.9625) 
C1,25 (0.75, 0.8125, 0.875, 0.9375) (0.875, 0.9375, 1, 1) 
C1,26 (0.825, 0.8875, 0.95, 0.975) (0.55, 0.6125, 0.675, 0.7375) 
C2 
C2,1 (0.7, 0.7625, 0.825, 0.8875) (0.775, 0.8375, 0.900, 0.950) 
C2,2 (0.8, 0.8625, 0.925, 0.9625) (0.625, 0.6875, 0.75, 0.8125) 
C2,3 (0.6, 0.6625, 0.725, 0.7875) (0.625, 0.6875, 0.75, 0.8125) 
C2,4 (0.675, 0.7375, 0.8, 0.8625) (0.625, 0.6875, 0.75, 0.8125) 
C2,5 (0.475, 0.5375, 0.575, 0.6375) (0.75, 0.8125, 0.875, 0.9375) 
C2,6 (0.8, 0.8625, 0.925, 0.9625) (0.75, 0.8125, 0.875, 0.9375) 
C2,7 (0.6, 0.6625, 0.725, 0.7875) (0.75, 0.8125, 0.875, 0.9375) 
C2,8 (0.8, 0.8625, 0.925, 0.9625) (0.75, 0.8125, 0.875, 0.9375) 
C2,9 (0.6, 0.6625, 0.725, 0.7875) (0.875, 0.9375, 1, 1) 
C2,10 (0.475, 0.5375, 0.575, 0.6375) (0.7, 0.7625, 0.825, 0.8875) 
C2,11 (0.675, 0.7375, 0.8, 0.8625) (0.75, 0.8125, 0.875, 0.9375) 
C2,12 (0.825, 0.8875, 0.95, 0.975) (0.875, 0.9375, 1, 1) 
C2,13 (0.475, 0.5375, 0.575, 0.6375) (0.7, 0.7625, 0.825, 0.8875) 
C2,14 (0.8, 0.8625, 0.925, 0.9625) (0.75, 0.8125, 0.875, 0.9375) 
C2,15 (0.6, 0.6625, 0.725, 0.7875) (0.75, 0.8125, 0.875, 0.9375) 
C2,16 (0.8, 0.8625, 0.925, 0.9625) (0.85, 0.9125, 0.975,0.9875) 
C2,17 (0.2625, 0.325, 0.3875, 0.45) (0.65, 0.7125, 0.775, 0.8375) 
C2,18 (0.475, 0.5375, 0.575, 0.6375) (0.75, 0.8125, 0.875, 0.9375) 
C2,19 (0.625, 0.6875, 0.75, 0.8125) (0.825, 0.8125, 0.875, 0.9375) 
C2,20 (0.675, 0.7375, 0.8, 0.8625) (0.675, 0.7375, 0.800, 0.8625) 
C2,21 (0.575, 0.6375, 0.7, 0.7625) (0.85, 0.9125, 0.975,0.9875) 
C2,22 (0.7, 0.7625, 0.825, 0.8875) (0.75, 0.8125, 0.875, 0.9375) 
C3 
C3,1 (0.75, 0.8125, 0.875, 0.9375) (0.825, 0.8125, 0.875, 0.9375) 
C3,2 (0.825, 0.8875, 0.95, 0.975) (0.75, 0.8125, 0.875, 0.9375) 
C3,3 (0.575, 0.6375, 0.7, 0.7625) (0.825, 0.8125, 0.875, 0.9375) 
C3,4 (0.7, 0.7625, 0.825, 0.8875) (0.675, 0.7375, 0.800, 0.8625) 
C3,5 (0.675, 0.7375, 0.8, 0.8625) (0.85, 0.9125, 0.975,0.9875) 
C3,6 (0.55, 0.6125, 0.675, 0.7375) (0.75, 0.8125, 0.875, 0.9375) 
C3,7 (0.675, 0.7375, 0.8, 0.8625) (0.85, 0.9125, 0.975,0.9875) 
C3,8 (0.4625, 0.525, 0.55, 0.6125) (0.825, 0.8125, 0.875, 0.9375) 
C3,9 (0.65, 0.7125, 0.775, 0.8375) (0.675, 0.7375, 0.800, 0.8625) 
C3,10 (0.575, 0.6375, 0.7, 0.7625) (0.825, 0.8125, 0.875, 0.9375) 
C3,11 (0.625, 0.6875, 0.75, 0.8125) (0.675, 0.7375, 0.800, 0.8625) 
C3,12 (0.475, 0.5375, 0.575, 0.6375) (0.625, 0.6875, 0.75, 0.8125) 
C3,13 (0.8, 0.8625, 0.925, 0.9625) (0.625, 0.6875, 0.75, 0.8125) 
C3,14 (0.6, 0.6625, 0.725, 0.7875) (0.75, 0.8125, 0.875, 0.9375) 
C4 
C4,1 (0.8, 0.8625, 0.925, 0.9625) (0.875, 0.9375, 1, 1) 
C4,2 (0.6, 0.6625, 0.725, 0.7875) (0.875, 0.9375, 1, 1) 
C4,3 (0.625, 0.6875, 0.75, 0.8125) (0.875, 0.9375, 1, 1) 
C4,4 (0.7, 0.7625, 0.825, 0.8875) (0.875, 0.9375, 1, 1) 
C4,5 (0.8, 0.8625, 0.925, 0.9625) (0.875, 0.9375, 1, 1) 
C4,6 (0.6, 0.6625, 0.725, 0.7875) (0.875, 0.9375, 1, 1) 
C4,7 (0.8, 0.8625, 0.925, 0.9625) (0.675, 0.7375, 0.800, 0.8625) 
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C4,8 (0.7, 0.7625, 0.825, 0.8875) (0.825, 0.8125, 0.875, 0.9375) 
C4,9 (0.4625, 0.525, 0.55, 0.6125) (0.675, 0.7375, 0.800, 0.8625) 
C4,10 (0.65, 0.7125, 0.775, 0.8375) (0.85, 0.9125, 0.975,0.9875) 
C4,11 (0.575, 0.6375, 0.7, 0.7625) (0.75, 0.8125, 0.875, 0.9375) 
C4,12 (0.625, 0.6875, 0.75, 0.8125) (0.85, 0.9125, 0.975,0.9875) 
C4,13 (0.475, 0.5375, 0.575, 0.6375) (0.625, 0.6875, 0.75, 0.8125) 
C4,14 (0.8, 0.8625, 0.925, 0.9625) (0.825, 0.8125, 0.875, 0.9375) 
C5 
C5,1 (0.75, 0.8125, 0.875, 0.9375) (0.675, 0.7375, 0.800, 0.8625) 
C5,2 (0.825, 0.8875, 0.95, 0.975) (0.85, 0.9125, 0.975,0.9875) 
C5,3 (0.575, 0.6375, 0.7, 0.7625) (0.75, 0.8125, 0.875, 0.9375) 
C5,4 (0.7, 0.7625, 0.825, 0.8875) (0.85, 0.9125, 0.975,0.9875) 
C5,5 (0.625, 0.6875, 0.75, 0.8125) (0.65, 0.7125, 0.775, 0.8375) 
C5,6 (0.2625, 0.325, 0.3875, 0.45) (0.75, 0.8125, 0.875, 0.9375) 
C5,7 (0.475, 0.5375, 0.575, 0.6375) (0.825, 0.8125, 0.875, 0.9375) 
C5,8 (0.625, 0.6875, 0.75, 0.8125) (0.675, 0.7375, 0.800, 0.8625) 
C5,9 (0.675, 0.7375, 0.8, 0.8625) (0.825, 0.8125, 0.875, 0.9375) 
C5,10 (0.575, 0.6375, 0.7, 0.7625) (0.675, 0.7375, 0.800, 0.8625) 
C5,11 (0.7, 0.7625, 0.825, 0.8875) (0.85, 0.9125, 0.975,0.9875) 
C5,12 (0.475, 0.5375, 0.575, 0.6375) (0.75, 0.8125, 0.875, 0.9375) 
C5,13 (0.675, 0.7375, 0.8, 0.8625) (0.85, 0.9125, 0.975,0.9875) 
C5,14 (0.825, 0.8875, 0.95, 0.975) (0.65, 0.7125, 0.775, 0.8375) 
C5,15 (0.475, 0.5375, 0.575, 0.6375) (0.75, 0.8125, 0.875, 0.9375) 
C5,16 (0.8, 0.8625, 0.925, 0.9625) (0.825, 0.8125, 0.875, 0.9375) 
C5,17 (0.6, 0.6625, 0.725, 0.7875) (0.675, 0.7375, 0.800, 0.8625) 
C5,18 (0.8, 0.8625, 0.925, 0.9625) (0.85, 0.9125, 0.975,0.9875) 
C5,19 (0.675, 0.7375, 0.8, 0.8625) (0.75, 0.8125, 0.875, 0.9375) 
C6 
C6,1 (0.575, 0.6375, 0.7, 0.7625) (0.825, 0.8125, 0.875, 0.9375) 
C6,2 (0.475, 0.5375, 0.575, 0.6375) (0.675, 0.7375, 0.800, 0.8625) 
C6,3 (0.675, 0.7375, 0.8, 0.8625) (0.85, 0.9125, 0.975,0.9875) 
C6,4 (0.575, 0.6375, 0.7, 0.7625) (0.75, 0.8125, 0.875, 0.9375) 
C6,5 (0.7, 0.7625, 0.825, 0.8875) (0.85, 0.9125, 0.975,0.9875) 
C6,6 (0.7, 0.7625, 0.825, 0.8875) (0.65, 0.7125, 0.775, 0.8375) 
C6,7 (0.675, 0.7375, 0.8, 0.8625) (0.825, 0.8125, 0.875, 0.9375) 
C6,8 (0.8, 0.8625, 0.925, 0.9625) (0.675, 0.7375, 0.800, 0.8625) 
C6,9 (0.7, 0.7625, 0.825, 0.8875) (0.825, 0.8125, 0.875, 0.9375) 
C6,10 (0.4625, 0.525, 0.55, 0.6125) (0.75, 0.8125, 0.875, 0.9375) 
C6,11 (0.65, 0.7125, 0.775, 0.8375) (0.85, 0.9125, 0.975,0.9875) 
C6,12 (0.575, 0.6375, 0.7, 0.7625) (0.65, 0.7125, 0.775, 0.8375) 
C6,13 (0.625, 0.6875, 0.75, 0.8125) (0.825, 0.8125, 0.875, 0.9375) 
C7 
C7,1 (0.475, 0.5375, 0.575, 0.6375) (0.675, 0.7375, 0.800, 0.8625) 
C7,2 (0.625, 0.6875, 0.75, 0.8125) (0.85, 0.9125, 0.975,0.9875) 
C7,3 (0.575, 0.6375, 0.7, 0.7625) (0.75, 0.8125, 0.875, 0.9375) 
C7,4 (0.7, 0.7625, 0.825, 0.8875) (0.85, 0.9125, 0.975,0.9875) 
C7,5 (0.7, 0.7625, 0.825, 0.8875) (0.825, 0.8125, 0.875, 0.9375) 
C7,6 (0.4625, 0.525, 0.55, 0.6125) (0.675, 0.7375, 0.800, 0.8625) 
C7,7 (0.65, 0.7125, 0.775, 0.8375) (0.85, 0.9125, 0.975,0.9875) 
C7,8 (0.575, 0.6375, 0.7, 0.7625) (0.75, 0.8125, 0.875, 0.9375) 
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Table 5.7: Computed ratings and aggregated weights of main-criteria (2nd Level) in terms of fuzzy 
numbers 
1st Level Criteria Computed ratings Aggregated weights 
Evaluation index of 
potential suppliers 
in ASC, (C) 
C1 (0.528, 0.662, 0.834, 1.025) (0.825, 0.812, 0.875, 0.9375) 
C2 (0.518, 0.652, 0.819, 1.005) (0.675, 0.7375, 0.80, 0.8625) 
C3 (0.519, 0.650, 0.816, 1.000) (0.85, 0.9125, 0.975,0.9875) 
C4 (0.663, 0.676, 0.840, 0.991) (0.75, 0.8125, 0.875, 0.9375) 
C5 (0.526, 0.655, 0.821, 0.998) (0.85, 0.9125, 0.975,0.9875) 
C6 (0.520, 0.645, 0.808, 0.984) (0.65, 0.7125, 0.775, 0.8375) 
C7 (0.497, 0.618, 0.773, 0.944) (0.75, 0.8125, 0.875, 0.9375) 
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Table 5.11: Priority weights of 1st level indices assigned by the decision-makers 
 
1st level 
indices 
Ci 
Subjective Importance Weights Given by the Decision-Makers 
DM1 DM2 DM3 DM4 DM5 
C1 H H H H H 
C2 VH H VH H VH 
C3 FH H VH VH H 
C4 H FH FH H H 
C5 VH H H H FH 
C6 H H FH H H 
C7 H H H H H 
 
 
Table 5.12: Priority weights of 2nd level sub-indices assigned by the decision-makers 
 
2nd level sub-
indices, Cij 
Subjective Importance Weights Given by the Decision-Makers 
DM1 DM2 DM3 DM4 DM5 
C11 AH AH H H H 
C12 VH VH H VH H 
C13 FH FH H H H 
C14 H H H VH H 
C15 H H H H VH 
C16 AH VH VH VH AH 
C17 FH H H H H 
C18 H VH VH VH H 
C19 FH FH H H H 
C1,10 M FH FH H FH 
C1,11 H VH AH H H 
C1,12 H H H H VH 
C1,13 H H H H H 
C1,14 VH VH H H H 
C1,15 FH FH H H H 
C1,16 H H H VH H 
C1,17 H H H H VH 
C1,18 H VH H VH AH 
C1,19 FH H H H H 
C1,20 H H H H H 
C1,21 VH VH H VH H 
C1,22 FH FH H H H 
C1,23 H H H VH H 
C1,24 H H H H VH 
C1,25 H VH VH VH AH 
C1,26 FH H H H H 
C21 H H VH VH H 
C22 FH FH H H H 
C23 M FH FH H FH 
C24 H VH H H H 
C25 H H H H VH 
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C26 AH AH H H H 
C27 VH VH H H H 
C28 H H H H H 
C29 VH VH H VH H 
C2,10 FH FH H H H 
C2,11 H H H VH H 
C2,12 H H H H VH 
C2,13 H VH H VH AH 
C2,14 FH H H H H 
C2,15 H H H H H 
C2,16 VH VH H VH H 
C2,17 FH FH H H H 
C2,18 H H H VH H 
C2,19 H H H H VH 
C2,20 H VH H VH AH 
C2,21 FH H H H H 
C2,22 H H VH VH H 
C31 FH FH H H H 
C32 M FH FH H FH 
C33 H VH H H H 
C34 H H H H VH 
C35 AH H H H H 
C36 VH H H H H 
C37 AH VH VH VH AH 
C38 FH H H H H 
C39 H VH VH VH H 
C3,10 FH FH H H H 
C3,11 M FH FH H FH 
C3,12 H VH AH H H 
C3,13 H H H H VH 
C3,14 H H H H H 
C41 VH H H H H 
C42 FH FH H H H 
C43 AH VH VH VH AH 
C44 FH H H H H 
C45 H VH H VH H 
C46 FH FH H H H 
C47 M FH FH H H 
C48 H VH H H H 
C49 H H H H VH 
C4,10 H H H H H 
C4,11 H VH H H H 
C4,12 H H H H VH 
C4,13 AH VH H H H 
C4,14 VH H H VH H 
C51 AH VH VH VH AH 
C52 FH H H H H 
C53 H VH VH VH H 
C54 FH FH H H H 
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C55 M FH FH H FH 
C56 H VH AH H H 
C57 H H H H VH 
C58 H H H H H 
C59 VH H VH H H 
C5,10 FH FH H H H 
C5,11 AH VH VH H H 
C5,12 FH H H H H 
C5,13 H VH H VH H 
C5,14 FH FH H H H 
C5,15 M FH FH H H 
C5,16 H VH H VH H 
C5,17 H H H VH VH 
C5,18 H H H VH H 
C5,19 H VH H H H 
C61 H H H H VH 
C62 AH H H H H 
C63 VH H H H H 
C64 H VH VH VH AH 
C65 H VH H H H 
C66 H H H H VH 
C67 AH H H H H 
C68 VH H H H H 
C69 AH VH VH VH AH 
C6,10 FH H H H H 
C6,11 H VH VH VH H 
C6,12 FH H H H H 
C6,13 M FH FH H H 
C71 H VH H H H 
C72 H H H H H 
C73 H H H H H 
C74 VH H H H H 
C75 FH FH H H H 
C76 AH VH VH VH H 
C77 FH H H H H 
C78 H VH H VH VH 
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Table 5.13: Performance ratings of 2nd level sub-indices assigned by the decision-makers (Alternative 1) 
 
2nd level sub-indices 
Cij 
Subjective Rating Given by the Decision-Makers 
DM1 DM2 DM3 DM4 DM5 
C11 VI VI AI VI VI 
C12 VI VI VI VI VI 
C13 S S FS S FS 
C14 M FS M FS FS 
C15 M M M M M 
C16 FP FP M M M 
C17 S S S VI VI 
C18 M M M M FS 
C19 VI VI S FS FS 
C1,10 M M M FP FP 
C1,11 P P FP P P 
C1,12 FS FS FS FS FS 
C1,13 S S S FS S 
C1,14 VI S VI VI VI 
C1,15 VI VI VI VI VI 
C1,16 S S FS S FS 
C1,17 M FS M FS FS 
C1,18 M M FS M M 
C1,19 FP FP M M M 
C1,20 S S FS VI VI 
C1,21 M M M M FS 
C1,22 VI VI S FS FS 
C1,23 M M M FP FP 
C1,24 P P M P M 
C1,25 FS FS FS FS FS 
C1,26 S FS S FS S 
C21 VI VI AI VI VI 
C22 S VI VI VI VI 
C23 M M M M M 
C24 FP FP M M M 
C25 S S S VI VI 
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C26 M M M M FS 
C27 VI VI S FS FS 
C28 M M M FP FP 
C29 P FP FP P P 
C2,10 FS FS FS FS FS 
C2,11 S FS S FS S 
C2,12 VI S VI VI VI 
C2,13 VI S VI S S 
C2,14 S S FS S FS 
C2,15 M FS M FS FS 
C2,16 M M FS M M 
C2,17 P FP M M M 
C2,18 M M M M M 
C2,19 FP FP M M FP 
C2,20 VI VI AI VI VI 
C2,21 VI VI VI VI VI 
C2,22 S S FS S FS 
C31 M S M FS FS 
C32 M M M M M 
C33 FP FP M M M 
C34 S S S S VI 
C35 M M M M FS 
C36 VI VI S FS FS 
C37 M M M FP FP 
C38 P P FP P P 
C39 FS FS FS FS FS 
C3,10 FS S S FS S 
C3,11 VI S VI VI VI 
C3,12 S S S S S 
C3,13 M M M M FS 
C3,14 VI VI S FS FS 
C41 M M M FP FP 
C42 P FP FP P P 
C43 FS FS S FS FS 
C44 S FS S FS S 
C45 VI S VI VI VI 
- 83 - 
 
C46 VI S VI S S 
C47 S S FS S FS 
C48 M FS M FS FS 
C49 M M FS M M 
C4,10 P FP FP M M 
C4,11 M M M M M 
C4,12 FP FP M M FP 
C4,13 VI VI AI VI VI 
C4,14 VI S S VI VI 
C51 S S FS S FS 
C52 M S M FS FS 
C53 M M M M M 
C54 FP FP M M M 
C55 S S S S S 
C56 VI S VI VI VI 
C57 S S S S S 
C58 M M M M FS 
C59 VI VI S FS FS 
C5,10 M M M FP FP 
C5,11 P FP FP P P 
C5,12 FS FS S FS FS 
C5,13 S FS S FS S 
C5,14 VI S S S VI 
C5,15 VI S VI S S 
C5,16 S S FS S FS 
C5,17 P FP FP P P 
C5,18 FS FS S FS FS 
C5,19 S FS S FS S 
C61 VI S VI VI VI 
C62 VI S VI S S 
C63 S S FS S FS 
C64 M FS M FS FS 
C65 M M FS M M 
C66 P FP P FS M 
C67 M M M M M 
C68 FP FP M M FP 
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C69 VI VI AI VI VI 
C6,10 VI S FS S S 
C6,11 S FS FS FS FS 
C6,12 M S M FS FS 
C6,13 M M M M M 
C71 FP FP M M M 
C72 S S S S S 
C73 VI S VI VI VI 
C74 S S S S S 
C75 M M M M FS 
C76 P FP FP P P 
C77 FS FS FS FS FS 
C78 S S FS FS S 
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Table 5.14: Performance ratings of 2nd level sub-indices assigned by the decision-makers (Alternative 2) 
 
2nd level sub-indices 
Cij 
Subjective Rating Given by the Decision-Makers 
DM1 DM2 DM3 DM4 DM5 
C11 AI AI VI VI VI 
C12 S VI VI S S 
C13 FS FS FS FS FS 
C14 S S VI S S 
C15 M M M FP M 
C16 S VI S VI VI 
C17 AI VI VI VI VI 
C18 S S S S S 
C19 FS S S S S 
C1,10 AI AI VI VI VI 
C1,11 S VI VI S S 
C1,12 FS FS S FS FS 
C1,13 S S VI S S 
C1,14 M M M FP M 
C1,15 S VI S VI VI 
C1,16 AI VI AI VI VI 
C1,17 S S FS S S 
C1,18 FS S S S S 
C1,19 AI AI AI VI VI 
C1,20 FS FS FS FS FS 
C1,21 S S VI S S 
C1,22 M M M FP M 
C1,23 S VI S VI VI 
C1,24 AI VI S VI VI 
C1,25 S S S S S 
C1,26 FS S S S S 
C21 VI VI VI VI S 
C22 S VI VI S S 
C23 M M M FP M 
C24 S VI S VI VI 
C25 AI VI VI VI VI 
C26 S S S S S 
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C27 FS S S S S 
C28 AI AI VI VI VI 
C29 S VI VI S S 
C2,10 FS FS S FS FS 
C2,11 S S VI S S 
C2,12 M M M FP M 
C2,13 S VI S VI VI 
C2,14 AI VI AI VI VI 
C2,15 S S FS S S 
C2,16 FS S S S S 
C2,17 AI AI AI VI VI 
C2,18 FS FS S S FS 
C2,19 S S VI S S 
C2,20 M M M P M 
C2,21 M M M FP M 
C2,22 S VI S VI VI 
C31 AI VI VI VI VI 
C32 S S S S S 
C33 FS S S S S 
C34 AI AI VI VI VI 
C35 S VI VI S S 
C36 FS FS S FS FS 
C37 S S VI S S 
C38 M M M FP M 
C39 S VI S VI VI 
C3,10 AI VI AI VI VI 
C3,11 S S FS S S 
C3,12 FS S S S S 
C3,13 S S VI S S 
C3,14 M M M FP M 
C41 S VI S VI VI 
C42 AI VI AI VI VI 
C43 S S FS S S 
C44 FS S S S S 
C45 AI AI AI VI VI 
C46 FS FS FS FS FS 
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C47 S S VI S S 
C48 M M M FP M 
C49 S VI S VI VI 
C4,10 AI VI S VI VI 
C4,11 S S S S S 
C4,12 FS S S S S 
C4,13 VI VI VI VI S 
C4,14 S VI VI S S 
C51 M M M FP M 
C52 S VI S VI VI 
C53 AI VI VI VI VI 
C54 S S S S S 
C55 FS S S S S 
C56 AI AI VI VI VI 
C57 S VI VI S S 
C58 FS FS FS FS FS 
C59 S S VI S S 
C5,10 M M M FP M 
C5,11 S VI S VI VI 
C5,12 AI VI VI VI VI 
C5,13 S S S S S 
C5,14 FS S S S S 
C5,15 AI AI VI VI VI 
C5,16 S VI VI S S 
C5,17 FS FS S FS FS 
C5,18 S S VI S S 
C5,19 M M M FP M 
C61 S VI S VI VI 
C62 AI VI AI VI VI 
C63 S S FS S S 
C64 FS S S S S 
C65 AI AI AI VI VI 
C66 FS FS FS FS FS 
C67 S S VI S S 
C68 M M M FP M 
C69 S VI S VI VI 
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C6,10 AI AI VI VI VI 
C6,11 S VI VI S S 
C6,12 FS FS FS FS FS 
C6,13 S S VI S S 
C71 M M M FP M 
C72 S VI S VI VI 
C73 AI VI VI VI VI 
C74 S S S S S 
C75 FS S S S S 
C76 AI AI VI VI VI 
C77 S VI VI S FS 
C78 FS S S FS FS 
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Table 5.15: Performance ratings of 2nd level sub-indices assigned by the decision-makers (Alternative 3) 
 
2nd level sub-indices 
Cij 
Subjective Rating Given by the Decision-Makers 
DM1 DM2 DM3 DM4 DM5 
C11 VP P FP FP FP 
C12 P P P P P 
C13 FP P FP P P 
C14 M M M M M 
C15 M FS FS M M 
C16 M FP FP FP FP 
C17 P P P VP P 
C18 M FS S M M 
C19 M M M M M 
C1,10 P P FP P P 
C1,11 FP FP P P P 
C1,12 M VP P FP FP 
C1,13 FS P P P P 
C1,14 M M M M M 
C1,15 FS FS M M FS 
C1,16 FP FP FP FP FP 
C1,17 P P VP P P 
C1,18 FS S M M FS 
C1,19 M M M M M 
C1,20 P FP P P P 
C1,21 FP P P P FP 
C1,22 VP P FP FP VP 
C1,23 P P P P P 
C1,24 FP P FP P FP 
C1,25 M M M M M 
C1,26 FS FS M M FS 
C21 FP FP FP FP FP 
C22 P P VP P P 
C23 FS S M M FS 
C24 M M M M M 
C25 P FP P P P 
C26 FP P P P FP 
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C27 VP P FP FP VP 
C28 P P P P P 
C29 FP P FP P FP 
C2,10 M M M M M 
C2,11 FS FS M M FS 
C2,12 FP FP FP FP FP 
C2,13 P P VP P P 
C2,14 FS S M M FS 
C2,15 M M M M M 
C2,16 FP FP P FP P 
C2,17 P M M M M 
C2,18 FS M FS FS M 
C2,19 M M FP FP FP 
C2,20 P P P P VP 
C2,21 FP M FS S M 
C2,22 VP M M M M 
C31 P P P FP P 
C32 FP FP FP P P 
C33 P M VP P FP 
C34 FS FS P P P 
C35 M M M M M 
C36 P FS FS M M 
C37 FP FP FP FP FP 
C38 M M M M M 
C39 FS FS M M FS 
C3,10 FP FP FP FP FP 
C3,11 P P VP P P 
C3,12 FS S M M FS 
C3,13 FP P FP P FP 
C3,14 M M M M P 
C41 M FS FS M FS 
C42 M FP FP FP M 
C43 P P P VP P 
C44 M FS S M FP 
C45 M M M M VP 
C46 P P FP P P 
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C47 M M M M M 
C48 FS FS M M FS 
C49 FP FP FP FP FP 
C4,10 P P VP P P 
C4,11 FS S M M FS 
C4,12 M M M M M 
C4,13 P FP P P P 
C4,14 FP P P P FP 
C51 VP P FP FP VP 
C52 P P P P P 
C53 FP P FP P FP 
C54 M M M M M 
C55 FS FS M M FS 
C56 FP P FP P P 
C57 M FP M M M 
C58 M FS FS M M 
C59 M FP FP FP FP 
C5,10 P P P VP P 
C5,11 M FS S M M 
C5,12 M M M M M 
C5,13 P P P P P 
C5,14 FP FP P P P 
C5,15 M VP P FP FP 
C5,16 FS P P P P 
C5,17 M M M M M 
C5,18 FS FS M M FS 
C5,19 FP FP FP FP FP 
C61 P P VP P P 
C62 FS S M M FS 
C63 M FS M M M 
C64 P FP P P P 
C65 FP P P P FP 
C66 VP P FP FP VP 
C67 P P P P P 
C68 FP P FP P FP 
C69 M M M M M 
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C6,10 FP FP P FP FP 
C6,11 P P VP P P 
C6,12 FS S M M FS 
C6,13 M M M M M 
C71 P FP P P P 
C72 FP P P P FP 
C73 VP P FP P P 
C74 P P P P P 
C75 FP FP FP FP P 
C76 P P VP P P 
C77 FS S M M FS 
C78 M M M M FS 
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Table 5.16: Performance ratings and weights of 2nd Level sub-indices assigned by the decision-makers (Alternative 1) 
2
nd
 level sub-indices, 
Cij 
Aggregated fuzzy appropriateness rating,(Uij) Aggregated fuzzy priority weight,(W ij) 
C11 [(0.958,0.988,0.994,0.994;0.500),(0.944,0.984,1.000,1.000;1.000)] [(0.870,0.889,0.931,0.945;0.500),(0.832,0.868,0.952,0.982;1.000)] 
C12 [(0.948,0.985,0.993,0.993;0.500),(0.930,0.980,1.000,1.000;1.000)] [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] 
C13 [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C14 [(0.551,0.585,0.670,0.701;0.500),(0.476,0.542,0.712,0.776;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C15 [(0.403,0.453,0.538,0.568;0.500),(0.320,0.410,0.580,0.650;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C16 [(0.335,0.374,0.453,0.484;0.500),(0.260,0.334,0.492,0.558;1.000)] [(0.969,0.991,0.996,0.996;0.500),(0.958,0.988,1.000,1.000;1.000)] 
C17 [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] 
C18 [(0.452,0.497,0.582,0.612;0.500),(0.372,0.454,0.624,0.692;1.000)] [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] 
C19 [(0.796,0.826,0.877,0.895;0.500),(0.748,0.800,0.904,0.938;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C1,10 [(0.335,0.374,0.453,0.484;0.500),(0.260,0.334,0.492,0.558;1.000)] [(0.627,0.657,0.739,0.769;0.500),(0.556,0.616,0.780,0.840;1.000)] 
C1,11 [(0.117,0.147,0.193,0.218;0.500),(0.066,0.124,0.216,0.268;1.000)] [(0.859,0.886,0.930,0.943;0.500),(0.818,0.864,0.952,0.982;1.000)] 
C1,12 [(0.650,0.673,0.758,0.790;0.500),(0.580,0.630,0.800,0.860;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C1,13 [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] 
C1,14 [(0.915,0.951,0.971,0.976;0.500),(0.888,0.940,0.984,0.994;1.000)] [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] 
C1,15 [(0.948,0.985,0.993,0.993;0.500),(0.930,0.980,1.000,1.000;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C1,16 [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C1,17 [(0.551,0.585,0.670,0.701;0.500),(0.476,0.542,0.712,0.776;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C1,18 [(0.452,0.497,0.582,0.612;0.500),(0.372,0.454,0.624,0.692;1.000)] [(0.892,0.920,0.951,0.960;0.500),(0.860,0.904,0.968,0.988;1.000)] 
C1,19 [(0.335,0.374,0.453,0.484;0.500),(0.260,0.334,0.492,0.558;1.000)] [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] 
C1,20 [(0.822,0.855,0.903,0.918;0.500),(0.776,0.830,0.928,0.960;1.000)] [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] 
C1,21 [(0.452,0.497,0.582,0.612;0.500),(0.372,0.454,0.624,0.692;1.000)] [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] 
C1,22 [(0.796,0.826,0.877,0.895;0.500),(0.748,0.800,0.904,0.938;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C1,23 [(0.335,0.374,0.453,0.484;0.500),(0.260,0.334,0.492,0.558;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C1,24 [(0.214,0.253,0.311,0.337;0.500),(0.152,0.224,0.340,0.398;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C1,25 [(0.650,0.673,0.758,0.790;0.500),(0.580,0.630,0.800,0.860;1.000)] [(0.925,0.954,0.973,0.977;0.500),(0.902,0.944,0.984,0.994;1.000)] 
C1,26 [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] 
C21 [(0.958,0.988,0.994,0.994;0.500),(0.944,0.984,1.000,1.000;1.000)] [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] 
C22 [(0.915,0.951,0.971,0.976;0.500),(0.888,0.940,0.984,0.994;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C23 [(0.403,0.453,0.538,0.568;0.500),(0.320,0.410,0.580,0.650;1.000)] [(0.627,0.657,0.739,0.769;0.500),(0.556,0.616,0.780,0.840;1.000)] 
C24 [(0.335,0.374,0.453,0.484;0.500),(0.260,0.334,0.492,0.558;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C25 [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C26 [(0.452,0.497,0.582,0.612;0.500),(0.372,0.454,0.624,0.692;1.000)] [(0.870,0.889,0.931,0.945;0.500),(0.832,0.868,0.952,0.982;1.000)] 
C27 [(0.796,0.826,0.877,0.895;0.500),(0.748,0.800,0.904,0.938;1.000)] [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] 
C28 [(0.335,0.374,0.453,0.484;0.500),(0.260,0.334,0.492,0.558;1.000)] [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] 
C29 [(0.146,0.174,0.226,0.253;0.500),(0.092,0.148,0.252,0.306;1.000)] [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] 
C2,10 [(0.650,0.673,0.758,0.790;0.500),(0.580,0.630,0.800,0.860;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C2,11 [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C2,12 [(0.915,0.951,0.971,0.976;0.500),(0.888,0.940,0.984,0.994;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
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C2,13 [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] [(0.892,0.920,0.951,0.960;0.500),(0.860,0.904,0.968,0.988;1.000)] 
C2,14 [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] 
C2,15 [(0.551,0.585,0.670,0.701;0.500),(0.476,0.542,0.712,0.776;1.000)] [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] 
C2,16 [(0.452,0.497,0.582,0.612;0.500),(0.372,0.454,0.624,0.692;1.000)] [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] 
C2,17 [(0.306,0.347,0.420,0.449;0.500),(0.234,0.310,0.456,0.520;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C2,18 [(0.403,0.453,0.538,0.568;0.500),(0.320,0.410,0.580,0.650;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C2,19 [(0.301,0.334,0.410,0.442;0.500),(0.230,0.296,0.448,0.512;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C2,20 [(0.958,0.988,0.994,0.994;0.500),(0.944,0.984,1.000,1.000;1.000)] [(0.892,0.920,0.951,0.960;0.500),(0.860,0.904,0.968,0.988;1.000)] 
C2,21 [(0.948,0.985,0.993,0.993;0.500),(0.930,0.980,1.000,1.000;1.000)] [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] 
C2,22 [(0.730,0.758,0.834,0.861;0.500)(0.664,0.720,0.872,0.926;1.000)] [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] 
C31 [(0.578,0.613,0.695,0.725;0.500),(0.504,0.572,0.736,0.798;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C32 [(0.403,0.453,0.538,0.568;0.500),(0.320,0.410,0.580,0.650;1.000)] [(0.627,0.657,0.739,0.769;0.500),(0.556,0.616,0.780,0.840;1.000)] 
C33 [(0.335,0.374,0.453,0.484;0.500),(0.260,0.334,0.492,0.558;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C34 [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C35 [(0.452,0.497,0.582,0.612;0.500),(0.372,0.454,0.624,0.692;1.000)] [(0.826,0.852,0.908,0.926;0.500),(0.776,0.824,0.936,0.976;1.000)] 
C36 [(0.796,0.826,0.877,0.895;0.500),(0.748,0.800,0.904,0.938;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C37 [(0.335,0.374,0.453,0.484;0.500),(0.260,0.334,0.492,0.558;1.000)] [(0.969,0.991,0.996,0.996;0.500),(0.958,0.988,1.000,1.000;1.000)] 
C38 [(0.117,0.147,0.193,0.218;0.500),(0.066,0.124,0.216,0.268;1.000)] [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] 
C39 [(0.650,0.6730.758,0.790;0.500),(0.580,0.630,0.800,0.860;1.000)] [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] 
C3,10 [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C3,11 [(0.915,0.951,0.971,0.976;0.500),(0.888,0.940,0.984,0.994;1.000)] [(0.627,0.657,0.739,0.769;0.500),(0.556,0.616,0.780,0.840;1.000)] 
C3,12 [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] [(0.859,0.886,0.930,0.943;0.500),(0.818,0.864,0.952,0.982;1.000)] 
C3,13 [(0.452,0.497,0.582,0.612;0.500),(0.372,0.454,0.624,0.692;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C3,14 [(0.796,0.826,0.877,0.895;0.500),(0.748,0.800,0.904,0.938;1.000)] [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] 
C41 [(0.335,0.374,0.453,0.484;0.500),(0.260,0.334,0.492,0.558;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C42 [(0.146,0.174,0.226,0.253;0.500),(0.092,0.148,0.252,0.306;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C43 [(0.677,0.701,0.783,0.814;0.500),(0.608,0.660,0.824,0.882;1.000)] [(0.969,0.991,0.996,0.996;0.500),(0.958,0.988,1.000,1.000;1.000)] 
C44 [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] 
C45 [(0.915,0.951,0.971,0.976;0.500),(0.888,0.940,0.984,0.994;1.000)] [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] 
C46 [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C47 [(0.7300.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] [(0.654,0.686,0.765,0.793;0.500),(0.584,0.646,0.804,0.862;1.000)] 
C48 [(0.551,0.585,0.670,0.701;0.500),(0.476,0.542,0.712,0.776;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C49 [(0.452,0.497,0.582,0.612;0.500),(0.372,0.454,0.624,0.692;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C4,10 [(0.272,0.307,0.377,0.407;0.500),(0.204,0.272,0.412,0.474;1.000)] [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] 
C4,11 [(0.403,0.453,0.538,0.568;0.500),(0.320,0.410,0.580,0.650;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C4,12 [(0.301,0.334,0.410,0.442;0.500),(0.230,0.296,0.448,0.512;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C4,13 [(0.958,0.988,0.994,0.994;0.500),(0.944,0.984,1.000,1.000;1.000)] [(0.859,0.886,0.930,0.943;0.500),(0.818,0.864,0.952,0.982;1.000)] 
C4,14 [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] 
C51 [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] [(0.969,0.991,0.996,0.996;0.500),(0.958,0.988,1.000,1.000;1.000)] 
C52 [(0.578,0.613,0.695,0.725;0.500),(0.504,0.572,0.736,0.798;1.000)] [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] 
C53 [(0.403,0.453,0.538,0.568;0.500),(0.320,0.410,0.580,0.650;1.000)] [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] 
C54 [(0.335,0.374,0.453,0.484;0.500),(0.260,0.334,0.492,0.558;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C55 [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] [(0.627,0.657,0.739,0.769;0.500),(0.556,0.616,0.780,0.840;1.000)] 
C56 [(0.915,0.951,0.971,0.976;0.500),(0.888,0.940,0.984,0.994;1.000)] [(0.859,0.886,0.930,0.943;0.500),(0.818,0.864,0.952,0.982;1.000)] 
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C57 [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C58 [(0.452,0.497,0.582,0.612;0.500),(0.372,0.454,0.624,0.692;1.000)] [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] 
C59 [(0.796,0.826,0.877,0.895;0.500),(0.748,0.800,0.904,0.938;1.000)] [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] 
C5,10 [(0.335,0.374,0.453,0.484;0.500),(0.260,0.334,0.492,0.558;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C5,11 [(0.146,0.174,0.226,0.253;0.500),(0.092,0.148,0.252,0.306;1.000)] [(0.892,0.920,0.951,0.960;0.500),(0.860,0.904,0.968,0.988;1.000)] 
C5,12 [(0.677,0.701,0.783,0.814;0.500),(0.608,0.660,0.824,0.882;1.000)] [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] 
C5,13 [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] 
C5,14 [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C5,15 [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] [(0.654,0.686,0.765,0.793;0.500),(0.584,0.646,0.804,0.862;1.000)] 
C5,16 [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] 
C5,17 [(0.146,0.174,0.226,0.253;0.500),(0.092,0.148,0.252,0.306;1.000)] [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] 
C5,18 [(0.677,0.701,0.783,0.814;0.500),(0.608,0.660,0.824,0.882;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C5,19 [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C61 [(0.915,0.951,0.971,0.976;0.500),(0.888,0.940,0.984,0.994;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C62 [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] [(0.826,0.852,0.908,0.926;0.500),(0.776,0.824,0.936,0.976;1.000)] 
C63 [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C64 [(0.551,0.585,0.670,0.701;0.500),(0.476,0.542,0.712,0.776;1.000)] [(0.925,0.954,0.973,0.977;0.500),(0.902,0.944,0.984,0.994;1.000)] 
C65 [(0.452,0.497,0.582,0.612;0.500),(0.372,0.454,0.624,0.692;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C66 [(0.292,0.324,0.388,0.416;0.500),(0.230,0.292,0.420,0.478;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C67 [(0.403,0.453,0.538,0.568;0.500),(0.320,0.410,0.580,0.650;1.000)] [(0.826,0.852,0.908,0.926;0.500),(0.776,0.824,0.936,0.976;1.000)] 
C68 [(0.301,0.334,0.410,0.442;0.500),(0.230,0.296,0.448,0.512;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C69 [(0.958,0.988,0.994,0.994;0.500),(0.944,0.984,1.000,1.000;1.000)] [(0.969,0.991,0.996,0.996;0.500),(0.958,0.988,1.000,1.000;1.000)] 
C6,10 [(0.789,0.821,0.881,0.901;0.500),(0.734,0.790,0.912,0.954;1.000)] [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] 
C6,11 [(0.677,0.701,0.783,0.814;0.500),(0.608,0.660,0.824,0.882;1.000)] [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] 
C6,12 [(0.578,0.613,0.695,0.725;0.500),(0.504,0.572,0.736,0.798;1.000)] [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] 
C6,13 [(0.403,0.453,0.538,0.568;0.500),(0.320,0.410,0.580,0.650;1.000)] [(0.654,0.686,0.765,0.793;0.500),(0.584,0.646,0.804,0.862;1.000)] 
C71 [(0.335,0.374,0.453,0.484;0.500),(0.260,0.334,0.492,0.558;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C72 [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] 
C73 [(0.9150,951,0.971,0.976;0.500),(0.888,0.940,0.984,0.994;1.000)] [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] 
C74 [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C75 [(0.452,0.497,0.582,0.612;0.500),(0.372,0.454,0.624,0.692;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C76 [(0.146,0.174,0.226,0.253;0.500),(0.092,0.148,0.252,0.306;1.000)] [(0.925,0.954,0.973,0.977;0.500),(0.902,0.944,0.984,0.994;1.000)] 
C77 [(0.650,0.673,0.758,0.790;0.500),(0.580,0.630,0.800,0.860;1.000)] [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] 
C78 [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] 
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Table 5.17: Performance ratings and weights of 2nd level sub-indices assigned by the decision-makers (Alternative 2) 
2
nd
 level sub-indices, 
Cij 
Aggregated fuzzy appropriateness rating,(Uij) Aggregated fuzzy priority weight,(Wij) 
C11 [(0.969,0.991,0.996,0.996;0.500),(0.958,0.988,1.000,1.000;1.000)] [(0.870,0.889,0.931,0.945;0.500),(0.832,0.868,0.952,0.982;1.000)] 
C12 [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] 
C13 [(0.650,0.673,0.758,0.790;0.500),(0.580,0.630,0.800,0.860;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C14 [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C15 [(0.369,0.413,0.495,0.526;0.500),(0.290,0.372,0.536,0.604;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C16 [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] [(0.969,0.991,0.996,0.996;0.500),(0.958,0.988,1.000,1.000;1.000)] 
C17 [(0.958,0.988,0.994,0.994;0.500),(0.944,0.984,1.000,1.000;1.000)] [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] 
C18 [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] 
C19 [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C1,10 [(0.969,0.991,0.996,0.996;0.500),(0.958,0.988,1.0001.000;1.000)] [(0.627,0.657,0.739,0.769;0.500),(0.556,0.616,0.780,0.840;1.000)] 
C1,11 [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] [(0.859,0.886,0.930,0.943;0.500),(0.818,0.864,0.952,0.982;1.000)] 
C1,12 [(0.677,0.701,0.783,0.814;0.500),(0.608,0.660,0.824,0.882;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C1,13 [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] 
C1,14 [(0.369,0.413,0.495,0.526;0.500),(0.290,0.372,0.536,0.604;1.000)] [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] 
C1,15 [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C1,16 [(0.969,0.991,0.996,0.996;0.500),(0.958,0.988,1.0001.000;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C1,17 [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C1,18 [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] [(0.892,0.920,0.951,0.960;0.500),(0.860,0.904,0.968,0.988;1.000)] 
C1,19 [(0.979,0.994,0.997,0.997;0.500),(0.972,0.992,1.000,1.000;1.000)] [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] 
C1,20 [(0.650,0.673,0.758,0.790;0.500),(0.580,0.630,0.800,0.860;1.000)] [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] 
C1,21 [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] 
C1,23 [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C1,24 [(0.925,0.954,0.973,0.977;0.500),(0.902,0.944,0.984,0.994;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C1,25 [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] [(0.925,0.954,0.973,0.977;0.500),(0.902,0.944,0.984,0.994;1.000)] 
C1,26 [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] 
C21 [(0.915,0.951,0.971,0.976;0.500),(0.888,0.940,0.984,0.994;1.000)] [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] 
C22 [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C23 [(0.369,0.413,0.495,0.526;0.500),(0.290,0.372,0.536,0.604;1.000)] [(0.627,0.657,0.739,0.769;0.500),(0.556,0.616,0.780,0.840;1.000)] 
C24 [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C25 [(0.958,0.988,0.994,0.994;0.500),(0.944,0.984,1.000,1.000;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C26 [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] [(0.870,0.889,0.931,0.945;0.500),(0.832,0.868,0.952,0.982;1.000)] 
C27 [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] 
C28 [(0.969,0.991,0.996,0.996;0.500),(0.958,0.988,1.000,1.000;1.000)] [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] 
C29 [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] 
C2,10 [(0.677,0.701,0.783,0.814;0.500),(0.608,0.660,0.824,0.882;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C2,11 [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C2,12 [(0.369,0.413,0.495,0.526;0.500),(0.290,0.372,0.536,0.604;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
- 97 - 
 
C2,13 [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] [(0.892,0.920,0.951,0.960;0.500),(0.860,0.904,0.968,0.988;1.000)] 
C2,14 [(0.969,0.991,0.996,0.996;0.500),(0.958,0.988,1.000,1.000;1.000)] [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] 
C2,15 [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] 
C2,16 [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] 
C2,17 [(0.979,0.994,0.997,0.997;0.500),(0.972,0.992,1.000,1.000;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C2,18 [(0.703,0.730,0.800,0.837;0.500),(0.636,0.690,0.848,0.904;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C2,19 [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C2,20 [(0.340,0.386,0.462,0.491;0.500),(0.264,0.348,0.500,0.566;1.000)] [(0.892,0.920,0.951,0.960;0.500),(0.860,0.904,0.968,0.988;1.000)] 
C2,21 [(0.369,0.413,0.495,0.526;0.500),(0.290,0.372,0.536,0.604;1.000)] [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] 
C2,22 [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] 
C31 [(0.958,0.988,0.994,0.994;0.500),(0.9440.984,1.000,1.000;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C32 [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] [(0.627,0.657,0.739,0.769;0.500),(0.556,0.616,0.780,0.840;1.000)] 
C33 [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C34 [(0.969,0.991,0.996,0.996;0.500),(0.958,0.988,1.000,1.000;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C35 [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] [(0.826,0.852,0.908,0.926;0.500),(0.776,0.824,0.936,0.976;1.000)] 
C37 [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C38 [(0.369,0.413,0.495,0.526;0.500),(0.290,0.372,0.536,0.604;1.000)] [(0.969,0.991,0.996,0.996;0.500),(0.958,0.988,1.000,1.000;1.000)] 
C39 [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] 
C3,10 [(0.969,0.991,0.996,0.996;0.500),(0.958,0.988,1.000,1.000;1.000)] [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] 
C3,11 [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C3,12 [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] [(0.627,0.657,0.739,0.769;0.500),(0.556,0.616,0.780,0.840;1.000)] 
C3,13 [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] [(0.859,0.886,0.930,0.943;0.500),(0.818,0.864,0.952,0.982;1.000)] 
C3,14 [(0.369,0.413,0.495,0.526;0.500),(0.290,0.372,0.536,0.604;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C41 [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] 
C42 [(0.969,0.991,0.996,0.996;0.500),(0.958,0.988,1.000,1.000;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C43 [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C44 [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] [(0.969,0.991,0.996,0.996;0.500),(0.958,0.988,1.000,1.000;1.000)] 
C45 [(0.979,0.994,0.997,0.997;0.500),(0.972,0.992,1.000,1.000;1.000)] [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] 
C46 [(0.650,0.673,0.758,0.790;0.500),(0.580,0.630,0.800,0.860;1.000)] [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] 
C47 [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C48 [(0.369,0.413,0.495,0.526;0.500),(0.290,0.372,0.536,0.604;1.000)] [(0.654,0.686,0.765,0.793;0.500),(0.584,0.646,0.804,0.862;1.000)] 
C49 [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C4,10 [(0.925,0.954,0.973,0.977;0.500),(0.902,0.944,0.984,0.994;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C4,11 [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] 
C4,12 [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C4,13 [(0.915,0.951,0.971,0.976;0.500),(0.888,0.940,0.984,0.994;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C4,14 [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] [(0.859,0.886,0.930,0.943;0.500),(0.818,0.864,0.952,0.982;1.000)] 
C51 [(0.369,0.413,0.495,0.526;0.500),(0.290,0.372,0.536,0.604;1.000)] [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] 
C52 [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] [(0.969,0.991,0.996,0.996;0.500),(0.958,0.988,1.000,1.000;1.000)] 
C53 [(0.958,0.988,0.994,0.994;0.500),(0.944,0.984,1.000,1.000;1.000)] [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] 
C54 [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] 
C55 [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C56 [(0.969,0.991,0.996,0.996;0.500),(0.958,0.9881.000,1.000;1.000)] [(0.627,0.657,0.739,0.769;0.500),(0.556,0.616,0.780,0.840;1.000)] 
C57 [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] [(0.859,0.886,0.930,0.943;0.500),(0.818,0.864,0.952,0.982;1.000)] 
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C58 [(0.650,0.673,0.758,0.790;0.500),(0.580,0.630,0.800,0.860;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C59 [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] 
C5,10 [(0.369,0.413,0.495,0.526;0.500),(0.290,0.372,0.536,0.604;1.000)] [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] 
C5,11 [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C5,12 [(0.958,0.988,0.994,0.994;0.500),(0.944,0.984,1.000,1.000;1.000)] [(0.892,0.920,0.951,0.960;0.500),(0.860,0.904,0.968,0.988;1.000)] 
C5,13 [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] 
C5,14 [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] 
C5,15 [(0.969,0.991,0.996,0.996;0.500),(0.9580.988,1.000,1.000;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C5,16 [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] [(0.654,0.686,0.765,0.793;0.500),(0.584,0.646,0.804,0.862;1.000)] 
C5,17 [(0.677,0.701,0.783,0.814;0.500),(0.608,0.660,0.824,0.882;1.000)] [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] 
C5,18 [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] 
C5,19 [(0.369,0.413,0.495,0.526;0.500),(0.290,0.372,0.536,0.604;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C61 [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C62 [(0.969,0.991,0.996,0.996;0.500),(0.958,0.988,1.000,1.000;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C63 [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] [(0.826,0.852,0.908,0.926;0.500),(0.776,0.824,0.936,0.976;1.000)] 
C64 [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C65 [(0.979,0.994,0.997,0.997;0.500),(0.972,0.992,1.000,1.000;1.000)] [(0.925,0.954,0.973,0.977;0.500),(0.902,0.944,0.984,0.994;1.000)] 
C66 [(0.650,0.673,0.758,0.790;0.500),(0.580,0.630,0.800,0.860;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C67 [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C68 [(0.369,0.413,0.495,0.526;0.500),(0.290,0.372,0.536,0.604;1.000)] [(0.826,0.852,0.908,0.926;0.500),(0.776,0.824,0.936,0.976;1.000)] 
C69 [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C6,10 [(0.969,0.991,0.996,0.996;0.500),(0.958,0.988,1.000,1.000;1.000)] [(0.969,0.991,0.996,0.996;0.500),(0.958,0.988,1.000,1.000;1.000)] 
C6,11 [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] 
C6,12 [(0.650,0.673,0.758,0.790;0.500),(0.580,0.630,0.800,0.860;1.000)] [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] 
C6,13 [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] 
C71 [(0.369,0.413,0.495,0.526;0.500),(0.290,0.372,0.536,0.604;1.000)] [(0.654,0.686,0.765,0.793;0.500),(0.584,0.646,0.804,0.862;1.000)] 
C72 [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C73 [(0.958,0.988,0.994,0.994;0.500),(0.944,0.984,1.000,1.000;1.000)] [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] 
C74 [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] 
C75 [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C76 [(0.969,0.991,0.996,0.996;0.500),(0.958,0.988,1.000,1.000;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C77 [(0.822,0.855,0.903,0.918;0.500),(0.776,0.830,0.928,0.960;1.000)] [(0.925,0.954,0.973,0.977;0.500),(0.902,0.944,0.984,0.994;1.000)] 
C78 [(0.703,0.730,0.809,0.837;0.500),(0.636,0.690,0.848,0.904;1.000)] [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] 
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Table 5.18: Performance ratings and weights of 2nd level sub-indices assigned by the decision-makers (Alternative 3) 
2nd level sub-indices, 
Cij 
Aggregated fuzzy appropriateness rating,(Uij) Aggregated fuzzy priority weight,(W ij) 
C11 [(0.159,0.179,0.230,0.262;0.500),(0.110,0.152,0.256,0.312;1.000)] [(0.870,0.889,0.931,0.945;0.500),(0.832,0.868,0.952,0.982;1.000)] 
C12 [(0.088,0.120,0.160,0.183;0.500),(0.040,0.100,0.180,0.230;1.000)] [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] 
C13 [(0.146,0.174,0.226,0.253;0.500),(0.092,0.148,0.252,0.306;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C14 [(0.403,0.453,0.538,0.568;0.500),(0.320,0.410,0.580,0.650;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C15 [(0.502,0.541,0.626,0.657;0.500),(0.424,0.498,0.668,0.734;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C16 [(0.267,0.295,0.368,0.400;0.500),(0.200,0.258,0.404,0.466;1.000)] [(0.969,0.991,0.996,0.996;0.500),(0.958,0.988,1.000,1.000;1.000)] 
C17 [(0.072,0.098,0.131,0.157;0.500),(0.032,0.080,0.148,0.198;1.000)] [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] 
C18 [(0.528,0.569,0.651,0.680;0.500),(0.452,0.528,0.692,0.756;1.000)] [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] 
C19 [(0.403,0.453,0.538,0.568;0.500),(0.320,0.410,0.580,0.650;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C1,10 [(0.117,0.147,0.193,0.218;0.500),(0.066,0.124,0.216,0.268;1.000)] [(0.627,0.657,0.739,0.769;0.500),(0.556,0.616,0.780,0.840;1.000)] 
C1,11 [(0.146,0.174,0.226,0.253;0.500),(0.092,0.148,0.252,0.306;1.000)] [(0.859,0.886,0.930,0.943;0.500),(0.818,0.864,0.952,0.982;1.000)] 
C1,12 [(0.193,0.218,0.273,0.304;0.500),(0.140,0.190,0.300,0.358;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C1,13 [(0.200,0.231,0.280,0.304;0.500),(0.148,0.206,0.304,0.356;1.000)] [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] 
C1,14 [(0.403,0.453,0.538,0.568;0.500),(0.320,0.410,0.580,0.650;1.000)] [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] 
C1,15 [(0.551,0.585,0.670,0.701;0.500),(0.476,0.542,0.712,0.776;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C1,16 [(0.233,0.255,0.325,0.358;0.500),(0.170,0.220,0.360,0.420;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C1,17 [(0.072,0.098,0.131,0.157;0.500),(0.032,0.080,0.148,0.198;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C1,18 [(0.578,0.613,0.695,0.725;0.500),(0.504,0.572,0.736,0.798;1.000)] [(0.892,0.920,0.951,0.960;0.500),(0.860,0.904,0.968,0.988;1.000)] 
C1,19 [(0.403,0.453,0.538,0.568;0.500),(0.320,0.410,0.580,0.650;1.000)] [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] 
C1,20 [(0.117,0.147,0.193,0.218;0.500),(0.066,0.124,0.216,0.268;1.000)] [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] 
C1,21 [(0.146,0.174,0.226,0.253;0.500),(0.092,0.148,0.252,0.306;1.000)] [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] 
C1,22 [(0.114,0.129,0.168,0.201;0.500),(0.076,0.108,0.188,0.242;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C1,23 [(0.088,0.120,0.160,0.183;0.500),(0.040,0.100,0.180,0.230;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C1,24 [(0.175,0.201,0.259,0.288;0.500),(0.118,0.172,0.288,0.344;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C1,25 [(0.403,0.453,0.538,0.568;0.500),(0.320,0.410,0.580,0.650;1.000] [(0.925,0.954,0.973,0.977;0.500),(0.902,0.944,0.984,0.994;1.000)] 
C21 [(0.233,0.255,0.325,0.358;0.500),(0.170,0.220,0.360,0.420;1.000)] [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] 
C22 [(0.072,0.098,0.131,0.157;0.500),(0.032,0.080,0.148,0.198;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C23 [(0.578,0.613,0.695,0.725;0.500),(0.504,0.572,0.736,0.798;1.000)] [(0.627,0.657,0.739,0.769;0.500),(0.556,0.616,0.780,0.840;1.000)] 
C24 [(0.403,0.453,0.538,0.568;0.500),(0.320,0.410,0.580,0.650;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C25 [(0.117,0.147,0.193,0.218;0.500),(0.066,0.124,0.216,0.268;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C26 [(0.146,0.174,0.226,0.253;0.500),(0.092,0.148,0.252,0.306;1.000)] [(0.870,0.889,0.931,0.945;0.500),(0.832,0.868,0.952,0.982;1.000)] 
C27 [(0.114,0.129,0.168,0.201;0.500),(0.076,0.108,0.188,0.242;1.000)] [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] 
C28 [(0.088,0.120,0.160,0.183;0.500),(0.040,0.100,0.180,0.230;1.000)] [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] 
C29 [(0.175,0.201,0.259,0.288;0.500),(0.118,0.172,0.288,0.344;1.000] [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] 
C2,10 [(0.403,0.453,0.538,0.568;0.500),(0.320,0.410,0.580,0.650;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C2,11 [(0.551,0.585,0.670,0.701;0.500),(0.476,0.542,0.712,0.776;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C2,12 [(0.233,0.255,0.325,0.358;0.500),(0.170,0.220,0.360,0.420;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C2,13 [(0.072,0.098,0.131,0.157;0.500),(0.032,0.080,0.148,0.198;1.000)] [(0.892,0.920,0.951,0.960;0.500),(0.860,0.904,0.968,0.988;1.000)] 
C2,14 [(0.578,0.613,0.695,0.725;0.500),(0.504,0.572,0.736,0.798;1.000)] [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] 
- 100 - 
 
C2,15 [(0.403,0.453,0.538,0.568;0.500),(0.320,0.410,0.580,0.650;1.000)] [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] 
C2,16 [(0.175,0.201,0.259,0.288;0.500),(0.118,0.172,0.288,0.344;1.000)] [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] 
C2,17 [(0.340,0.386,0.462,0.491;0.500),(0.264,0.348,0.500,0.566;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C2,18 [(0.551,0.585,0.670,0.701;0.500),(0.476,0.542,0.712,0.776;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C2,19 [(0.301,0.334,0.410,0.442;0.500),(0.230,0.296,0.448,0.512;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C2,20 [(0.072,0.098,0.131,0.157;0.500),(0.032,0.080,0.148,0.198;1.000)] [(0.892,0.920,0.951,0.960;0.500),(0.860,0.904,0.968,0.988;1.000)] 
C2,21 [(0.494,0.530,0.609,0.638;0.500),(0.422,0.490,0.648,0.710;1.000)] [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] 
C2,22 [(0.324,0.364,0.433,0.465;0.500),(0.256,0.328,0.468,0.534;1.000)] [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] 
C31 [(0.117,0.147,0.193,0.218;0.500),(0.066,0.124,0.216,0.268;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C32 [(0.175,0.201,0.259,0.288;0.500),(0.118,0.172,0.288,0.344;1.000)] [(0.627,0.657,0.739,0.769;0.500),(0.556,0.616,0.780,0.840;1.000)] 
C33 [(0.164,0.191,0.240,0.269;0.500),(0.114,0.166,0.264,0.320;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C34 [(0.313,0.341,0.399,0.426;0.500),(0.256,0.312,0.4280.482;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C35 [(0.403,0.453,0.538,0.568;0.500),(0.320,0.410,0.580,0.650;1.000)] [(0.826,0.852,0.908,0.926;0.500),(0.776,0.824,0.936,0.976;1.000)] 
C36 [(0.439,0.474,0.550,0.580;0.500),(0.368,0.436,0.588,0.650;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C37 [(0.233,0.255,0.325,0.358;0.500),(0.170,0.220,0.360,0.420;1.000)] [(0.969,0.991,0.996,0.996;0.500),(0.958,0.988,1.000,1.000;1.000)] 
C38 [(0.403,0.453,0.538,0.568;0.500),(0.320,0.410,0.580,0.650;1.000)] [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] 
C39 [(0.551,0.585,0.670,0.701;0.500),(0.476,0.542,0.712,0.776;1.000)] [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] 
C3,10 [(0.233,0.255,0.325,0.358;0.500),(0.170,0.2200.360,0.420;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C3,11 [(0.072,0.098,0.131,0.157;0.500),(0.032,0.080,0.148,0.198;1.000)] [(0.627,0.657,0.739,0.769;0.500),(0.556,0.616,0.780,0.840;1.000)] 
C3,12 [(0.578,0.613,0.695,0.725;0.500),(0.504,0.572,0.736,0.798;1.000)] [(0.859,0.886,0.930,0.943;0.500),(0.818,0.864,0.952,0.982;1.000)] 
C3,13 [(0.175,0.201,0.259,0.288;0.500),(0.118,0.172,0.288,0.344;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C3,14 [(0.340,0.386,0.462,0.491;0.500),(0.264,0.348,0.500,0.566;1.000)] [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] 
C41 [(0.551,0.585,0.670,0.701;0.500),(0.476,0.542,0.712,0.776;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C42 [(0.301,0.334,0.410,0.442;0.500),(0.230,0.296,0.448,0.512;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C43 [(0.072,0.098,0.131,0.157;0.500),(0.032,0.080,0.148,0.198;1.000)] [(0.969,0.991,0.996,0.996;0.500),(0.958,0.988,1.000,1.000;1.000)] 
C44 [(0.494,0.530,0.609,0.638;0.500),(0.422,0.490,0.648,0.710;1.000)] [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] 
C45 [(0.324,0.364,0.433,0.465;0.500),(0.256,0.328,0.468,0.534;1.000)] [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] 
C46 [(0.117,0.147,0.193,0.218;0.500),(0.066,0.124,0.216,0.268;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C47 [(0.403,0.4530.538,0.568;0.500),(0.320,0.410,0.580,0.650;1.000)] [(0.654,0.686,0.765,0.793;0.500),(0.584,0.646,0.804,0.862;1.000)] 
C48 [(0.551,0.585,0.670,0.701;0.500),(0.476,0.542,0.712,0.776;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C49 [(0.233,0.255,0.325,0.358;0.500),(0.170,0.220,0.360,0.420;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C4,10 [(0.072,0.098,0.131,0.157;0.500),(0.032,0.080,0.148,0.198;1.000)] [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] 
C4,11 [(0.578,0.613,0.695,0.725;0.500),(0.504,0.572,0.736,0.798;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C4,12 [(0.403,0.453,0.538,0.568;0.500),(0.320,0.410,0.580,0.650;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C4,13 [(0.117,0.147,0.193,0.218;0.500),(0.066,0.124,0.216,0.268;1.000)] [(0.859,0.886,0.930,0.943;0.500),(0.818,0.864,0.952,0.982;1.000)] 
C4,14 [(0.146,0.174,0.226,0.253;0.500),(0.092,0.148,0.252,0.306;1.000)] [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] 
C51 [(0.114,0.129,0.168,0.201;0.500),(0.076,0.108,0.188,0.242;1.000)] [(0.969,0.991,0.996,0.996;0.500),(0.958,0.988,1.000,1.000;1.000)] 
C52 [(0.088,0.120,0.160,0.183;0.500),(0.040,0.100,0.180,0.230;1.000)] [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] 
C53 [(0.175,0.201,0.259,0.288;0.500),(0.118,0.172,0.288,0.344;1.000)] [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] 
C54 [(0.403,0.453,0.538,0.568;0.500),(0.320,0.410,0.580,0.650;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C55 [(0.551,0.585,0.670,0.701;0.500),(0.476,0.542,0.712,0.776;1.000)] [(0.627,0.657,0.739,0.769;0.500),(0.556,0.616,0.780,0.840;1.000)] 
C56 [(0.146,0.174,0.226,0.253;0.500),(0.092,0.148,0.252,0.306;1.000)] [(0.859,0.886,0.930,0.943;0.500),(0.818,0.864,0.952,0.982;1.000)] 
C57 [(0.369,0.413,0.495,0.526;0.500),(0.290,0.372,0.536,0.604;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C58 [(0.502,0.541,0.626,0.657;0.500),(0.424,0.498,0.668,0.734;1.000)] [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] 
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C59 [(0.267,0.295,0.368,0.400;0.500),(0.200,0.258,0.404,0.466;1.000)] [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] 
C5,10 [(0.072,0.098,0.131,0.157;0.500),(0.032,0.080,0.148,0.198;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C5,11 [(0.528,0.569,0.651,0.680;0.500),(0.452,0.528,0.692,0.756;1.000)] [(0.892,0.920,0.951,0.960;0.500),(0.860,0.904,0.968,0.988;1.000)] 
C5,13 [(0.088,0.120,0.160,0.183;0.500),(0.040,0.100,0.180,0.230;1.000)] [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] 
C5,14 [(0.146,0.174,0.226,0.253;0.500),(0.092,0.148,0.252,0.306;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C5,15 [(0.193,0.218,0.273,0.304;0.500),(0.140,0.190,0.300,0.358;1.000)] [(0.654,0.686,0.765,0.793;0.500),(0.584,0.646,0.804,0.862;1.000)] 
C5,16 [(0.200,0.231,0.280,0.304;0.500),(0.148,0.206,0.304,0.356;1.000)] [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] 
C5,17 [(0.403,0.453,0.538,0.568;0.500),(0.320,0.410,0.580,0.650;1.000)] [(0.849,0.883,0.928,0.942;0.500),(0.804,0.860,0.952,0.982;1.000)] 
C5,18 [(0.551,0.585,0.670,0.701;0.500),(0.476,0.542,0.712,0.776;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C5,19 [(0.233,0.255,0.325,0.358;0.500),(0.170,0.220,0.360,0.420;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C61 [(0.072,0.098,0.131,0.157;0.500),(0.032,0.080,0.148,0.198;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C62 [(0.578,0.613,0.695,0.725;0.500),(0.504,0.572,0.736,0.798;1.000)] [(0.826,0.852,0.908,0.926;0.500),(0.776,0.824,0.936,0.976;1.000)] 
C63 [(0.452,0.497,0.582,0.612;0.500),(0.372,0.454,0.624,0.692;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C64 [(0.117,0.147,0.193,0.218;0.500),(0.066,0.124,0.216,0.268;1.000)] [(0.925,0.954,0.973,0.977;0.500),(0.902,0.944,0.984,0.994;1.000)] 
C65 [(0.146,0.174,0.226,0.253;0.500),(0.092,0.148,0.252,0.306;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C66 [(0.114,0.129,0.168,0.201;0.500),(0.076,0.108,0.188,0.242;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C67 [(0.088,0.120,0.160,0.183;0.500),(0.040,0.100,0.180,0.230;1.000)] [(0.826,0.852,0.908,0.926;0.500),(0.776,0.824,0.936,0.976;1.000)] 
C68 [(0.175,0.201,0.259,0.288;0.500),(0.118,0.172,0.288,0.344;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C69 [(0.403,0.453,0.538,0.568;0.500),(0.320,0.410,0.580,0.650;1.000)] [(0.969,0.991,0.996,0.996;0.500),(0.958,0.988,1.000,1.000;1.000)] 
C6,10 [(0.204,0.228,0.292,0.323;0.500),(0.144,0.196,0.324,0.382;1.000)] [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] 
C6,11 [(0.072,0.098,0.131,0.157;0.500),(0.032,0.080,0.148,0.198;1.000)] [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] 
C6,12 [(0.578,0.613,0.695,0.725;0.500),(0.504,0.572,0.736,0.798;1.000)] [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] 
C6,13 [(0.403,0.453,0.538,0.568;0.500),(0.320,0.410,0.580,0.650;1.000)] [(0.654,0.686,0.765,0.793;0.500),(0.584,0.646,0.804,0.862;1.000)] 
C71 [(0.117,0.147,0.193,0.218;0.500),(0.066,0.124,0.216,0.268;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C72 [(0.146,0.174,0.226,0.253;0.500),(0.092,0.148,0.252,0.306;1.000)] [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] 
C73 [(0.101,0.125,0.164,0.192;0.500),(0.058,0.104,0.184,0.236;1.000)] [(0.783,0.815,0.885,0.908;0.500),(0.720,0.780,0.920,0.970;1.000)] 
C74 [(0.088,0.120,0.160,0.183;0.500),(0.040,0.100,0.180,0.230;1.000)] [(0.816,0.849,0.907,0.925;0.500),(0.762,0.820,0.936,0.976;1.000)] 
C75 [(0.204,0.228,0.292,0.323;0.500),(0.144,0.196,0.324,0.382;1.000)] [(0.730,0.758,0.834,0.861;0.500),(0.664,0.720,0.872,0.926;1.000)] 
C76 [(0.072,0.098,0.131,0.157;0.500),(0.032,0.080,0.148,0.198;1.000)] [(0.925,0.954,0.973,0.977;0.500),(0.902,0.944,0.984,0.994;1.000)] 
C77 [(0.578,0.613,0.695,0.725;0.500),(0.504,0.572,0.736,0.798;1.000)] [(0.756,0.787,0.860,0.884;0.500),(0.692,0.750,0.896,0.948;1.000)] 
C78 [(0.452,0.497,0.582,0.612;0.500),(0.372,0.454,0.624,0.692;1.000)] [(0.882,0.917,0.950,0.959;0.500),(0.846,0.900,0.968,0.988;1.000)] 
